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Abstract 
DETERMINATION OF LARVAL FISH SURVIVAL FROM FEEDING 
AND DISTRIBUTION OBSERVATIONS 
David Vemon Pollock Conway 
The series of papers round which this thesis is based highlight the inherent problems in 
assessing larval fish feeding success from sampling programmes and gut contents analysis, 
and show through novel observations, that counting the number of food items in the gut is 
not necessarily a good indication of feeding success. Food type, digestibility and size, gut 
passage rates and the particular lipid classes the food contains, must all be considered, 
illustrating the difficulties in interpreting larval fish energetics from field studies. The 
resistance to digestion demonstrated for copeped eggs, means that a potentially rich source 
of energy cannot be utilised. This may have severe nutritional consequences for the early 
larvae of many important commercial fish species which can feed heavily on these eggs, 
possibly influencing ultimate recruitment levels. While much can be learned from coarse 
grid, depth integrated plankton sampling, interpretation of relationships between food 
availability and larval condition was shown to require precise sampling of the larvae in 
their actual feeding environment. Intense integrated and vertically stratified plankton 
sampling allowed the most detailed observations on food selection by fish larvae ever 
carried out and demonstrated their considerable foraging adaptability, even in a changing 
food environment. Food availability is undoubtedly an important factor in larval fish 
survival because of its affect on condition and growth rates, but many other factors are now 
known to be involved and it is accepted that recruitment in a species may be decided at 
almost any stage of early development. The traditional approach to understanding the 
environmental impact on larval survival and fish recruitment has been by observational 
field ecology and correlation techniques. However, more recently, advances in 
mathematical modelling techniques in which we are involved, are allowing the 
representation and simulation of both physical and biological oceanographic processes. 
Progress in understanding how selective forces generally shape recruitment will depend 
increasingly on these exciting new techniques. 
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Critical appraisal 
DETERMINATION OF LARVAL FISH SURVIVAL FROM FEEDING 
AND DISTRIBUTION OBSERVATIONS 
Introduction 
In the late 1800's it was realised that there was considerable interannual fluctuation in adult 
stock numbers of the important commercial fish species, apparently independent of fishing 
effort, while little was known about the biology of these species (Graham 1942). 
Understanding recruitment has subsequently become the major component in fisheries 
research (Cushing 1972), studies initially centring on single factor hypotheses and on the 
possibility that recruitment was determined during the larval stages. 
The course of these studies has been punctuated by the theories of three prominent 
scientists, who provided a conceptual framework from which the majority of subsequent 
studies have developed. Hjort (1914) proposed the 'critical period hypothesis', whereby 
availability of suitable amounts of food during the transition period, between absorption of 
the yolk sac and initiation of exogenous feeding, determined larval mortality levels. 
Cushing (1975) refined Hjort's theory and proposed the 'match mismatch hypothesis' which 
suggested that while the spawning period of fish was relatively constant each year, there 
was considerable interannual variation in the timing of the annual plankton production 
cycle and thus food availability, which resulted in variable mortality. The 'stable ocean 
hypothesis' was proposed by Lasker ( 1975), who acknowledging that plankton could be 
patchily distributed horizontally, suggested that to obtain sufficient food, first feeding 
larvae rely on concentrations of food, such as can be found at the pycnocline, the region 
where the density of the water rapidly increases with depth because of differences in 
salinity, temperature or both. If these concentrations were dispersed by mixing, starvation 
could potentially result. However, it was found difficult to demonstrate evidence of larval 
starvation in the sea and there was a major shift in research effort towards examining the 
possibility that predation level was the determinant of recruitment success (Bailey & 
Houde 1989). 
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It is now accepted that while highest mortality is in the larval stages, many factors and 
combination of factors, apart from food availability, can be involved in determining 
recruitment, such as parental condition, egg quality, disease, turbulence, predation, 
advection etc. (Reviewed by Anderson 1988), that it may be determined to varying degrees 
at all stages of development (Bradford & Cabana 1997) and the stage which is most 
vulnerable can change for a species (Bailey 2000). However, some of the latest research 
has still concluded that recruitment studies should continue to focus on the planktonic 
phase and feeding aspects (Horwood et al. 2000). 
Over the past few decades, increasingly sophisticated oceanographic monitoring 
technology has been developed and dedicated intensive research programmes studying 
larval fish survival initiated. Some of these programmes, such as the study on larval cod on 
Georges Bank (Lough et al. 1996), or that on larval walleye pollock off Alaska (Kendall et 
al. 1996), have used multidiciplinary approaches, simultaneously examining a broad range 
of factors which could potentially affect recruitment. While these and other studies have 
been successful in relating certain aspects of recruitment to environmental factors, at the 
culmination of over 100 years of research, the results are still without any convincing 
predictive capability. 
Objectives 
This thesis is based round a series of 6 published papers, the slightly diverse themes of 
which reflect, over the years covered, changes in funding opportunities. However, the basic 
aim of all these papers is directed towards improving our understanding of the processes 
determining larval fish survival, whether it be by better understanding their vertical 
distribution pattern in order to improve sampling design (Paper IV), how their feeding 
success changes in relation to environmental factors (Papers Ill and V), how their condition 
changes in response to food availability (Paper VI) or how their feeding success may be 
assessed through a better understanding of how they digest particular food organisms 
(Papers I and II). The published literature on larval fish survival is considerable, so the 
focus of the following discussion is mainly restricted to feeding aspects, including 
suggestions where further research might be productive. 
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Discussion 
Sampling fish larvae 
To understand and test relationships between fish larvae and environmental conditions in 
the field, requires appropriate sampling equipment and strategies. With the exception of 
fish species which spawn in intense localised concentrations, such as anchovy (Moser & 
Pommeranz 1999), larval fish are generally sampled in low densities in the sea (Paper IV), 
requiring filtration of large volumes of water to sample even small numbers. Most surveys 
examining larval distribution are carried out using plankton nets, typically depth integrated 
oblique sampling over grids of stations (e.g. Papers lll, V; Bailey 2000; Sabates & Saiz 
2000), using equipment such as Bongo nets (McGowan & Brown 1966) or higher speed 
samplers similar to the Gulf V design (Ne lien & Hempel 1969) and, depending on the grid 
resolution, can give acceptable horizontal distributional information. However, to ensure 
that the whole larval vertical distribution is sampled, hauls are typically taken deeper than 
larvae are expected to be sampled, which results in longer duration hauls than may be 
necessary, using expensive ship time. This deep sampling is necessary because little 
detailed information is known about the vertical distributions of fish larvae, apart from a 
few restricted studies, usually on individual species (e.g. Palomera 1991). 
Most studies on vertical distribution of fish larvae have been carried out using multiple 
closing nets, with restricted numbers of nets and thus coarse vertical resolution (Gray 1996; 
Moser & Pommeranz 1999). An exception is Paper IV, where a Longhurst Hardy Plankton 
Recorder (LHPR, Williams et al. 1983) was used. This is a high speed net which has a 
minimum sampling depth resolution of around 2 m and can take up to 100 consecutive 
samples, with associated salinity, temperature, fluorescence and depth information. 
Distributions were described for a variety of larval fish species in contrasting 
environmental condition, particularly in the Irish Sea, information which has proved useful 
in subsequent research (Dickey-Collas et al. 1997) in an area where increasing research 
effort is currently being concentrated. 
Larval fish are generally distributed in the upper 50 metres of the water column (Papers 
IV, V), in the euphotic zone, where food particles are present in highest abundance. 
However, their distributions may be modified by turbulence, vertical migration and 
ontogenetic and behavioural differences in response to environmental factors (Reviewed by 
Neilson & Perry 1990). Even using high resolution sampling, it is still difficult to 
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demonstrate changes in depth and vertical migration of fish larvae in the sea (Paper IV) 
unless it is synchronised amongst individuals (Pearre 1979). 
Diet and growtb of larval fisb 
The diet of larval fish is well established and is typically the various developmental stages 
of copepods, with other organisms usually in much lower numbers (Papers Ill, V; Last 
1980), although interspecific differences in diet can be found at the same position (Conway 
1980), which may relate to correspondence in small scale depth distributions of particular 
species and their prey. There can also be intra- and interspecific variability in prey size of 
even closely related fish species (Sabates & Saiz 2000), but while the maximum prey size 
increases with increase in length, large larvae still take small prey such as copepod nauplii 
(Papers Ill, V, Pepin & Penney 1997). Larger larvae feeding on small items is inefficient, 
since they will contribute relatively less to the biomass of food ingested than a smaller 
number of large particles, but this may be a strategy to optimise the utilisation of trophic 
resources. The importance of larger prey in the diet was demonstrated experimentally by 
Geffen (1997), the size range of available food determining larval fish cohort size structure 
and growth rate. 
Not surprisingly, growth rates can be directly related experimentally to food availability 
(Gotceitas et al. 1996). Mortality rates generally decrease with increase in size (Houde 
1997; Sogard 1997), so rapid growth rates means that larvae will spend less time during 
their most vulnerable period of development. The larger larvae outgrow individual predator 
fields (Cowan & Houde 1992) and are more able to detect and avoid predators. 
Relating larval fisb distributions to tbat of tbeir food 
Fish larvae and their prey can be patchily distributed, both horizontally and vertically 
(Paper V) and have different net avoidance potentials because of their different sizes, so the 
same sampling equipment may not be ideal for simultaneously catching both (Sameoto et 
al. 2000). A coarse mesh net will sample fish larvae but not the microzooplankton prey of 
the smaller larvae. A fine mesh net will sample the prey, but because of the poorer filtration 
will have to be towed slower, may clog and be avoided by larvae. 
Leggett & Deblois ( 1994) discussed how some studies have related larval distribution and 
food availability using a single coarse net. While a coarse net is inadequate for sampling 
the prey of larval fish, the samples obtained may still be of use as an indicator of secondary 
production. Microzooplankton distribution may not necessarily be related to the 
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distribution of the mesozooplankton, but certainly in conditions of high pnmary 
production, if there are high numbers of copepods, they should be producing nauplii, the 
main food of larval fish (Paper V). Runge et al. (1999) were able to show a positive 
relationship between mesozooplankton abundance and mackerel recruitment. 
A Bongo net grid survey using a combination of nets of fine and coarse mesh, to sample 
larval sardine and their food, is described in Paper ill. The depth integrated samples 
showed some correspondence between larval and prey abundances and prey abundance and 
feeding success, but not consistently, because larvae and prey estimates were obtained over 
a large vertical and horizontal as well as temporal scale. Environmental factors such as 
light, temperature, salinity and food availability change more rapidly in the vertical than in 
the horizontal plane, so a more intimate examination of larval fish and prey vertical 
distribution are necessary. This was highlighted when comparisons of laboratory and in situ 
studies suggested that ingestion rates estimated for larvae from the field were often 
considerably higher than those observed in the laboratory (MacKenzie et al. 1990). This 
may be a result of field conditions being poorly replicated in the laboratory, or field 
sampling techniques which inadequately resolve the prey field. As an example of the type 
of questionable field sampling methodology which is not uncommon, Vifias & Ramirez 
(1996) carried out vertically stratified sampling for fish larvae and their microzooplankton 
prey using different mesh nets, but not simultaneously. 
Depth integrated Bongo sampling, as described in Paper V, is limited in the interpretation 
it can give to the correspondence between ichthyoplankton and their immediate physical 
and biological environment, but gives rapid horizontal distributional information. This was 
carried out in association with detailed vertical sampling using a double net LHPR system 
at 2 metre resolution. Fish larvae and microzooplankton food were sampled 
simultaneously, giving probably the most accurate representation of prey field and food 
selection analysis from a field study ever carried out. However, this still represented 
approximately 10rn3 of water filtered to collect the larvae and 0.5 m3 for the 
microzooplankton, which illustrates the sampling difficulties. 
Particular food organisms appear to be taken in preference to others which are there in 
greater abundance (Paper V). While the type of food selection analysis which was carried 
out is typical of other studies (e.g. Hillgruber et al. 1997) , it may not be a valid type of 
analysis using the current sampling methods. Additionally, selection analysis still does not 
answer why particular organisms are selected. This can only be resolved by experimental 
work. 
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It is suggested that selection may be related to features such as particular locomotory 
movement or visibility of the organisms (Buskey et al. 1993; Hillgruber et al. 1997). Subtle 
differences in locomotion between species of copepod nauplii has certainly been observed 
(PaffenhOfer et al. 1996). Accurate sampling methods to evaluate prey selectivity by fish 
larvae is also critical for studying the effects of predation on the zooplankton community 
(Luo et al. 1996; Dagg & Govoni 1996), as concentrations of larvae could potentially 
deplete their local food resources to a critical level. 
Problems of interpretation of larval fish gut contents analysis 
While the composition and number of fOod organisms in the guts of fish larvae should give 
information on dietary range, feeding incidence and intensity, a recognised problem which 
must be considered in interpretation of results, is defecation or regurgitation of food, 
mainly during the sampling process but perhaps also during preservation (Arthur 1976). 
Larvae with straight guts, such as clupeoids, are particularly vulnerable (Paper V; Dekhnik 
1974; Arthur 1976), but it has also been observed during experiments with species which 
have coiled guts (Canino & Bailey 1995). Some dietary studies make separate notes of 
amount of food in different parts of the alimentary canal, but this may not be valid if food 
is being displaced during sampling. 
Loss of food should not alter observations on the range of species in the diet or any general 
diel feeding patterns, but care should be taken in the interpretation of other observations 
such as numbers of items in the guts. There may also be differences in susceptibility to loss 
of food depending on the age of larvae, related to the stage of gut development (Paper V). 
This feature requires further experimental study, as current feeding observations, 
particularly on larvae with straight guts, may be misleading. 
Feeding response of larvae to changing environmental conditions 
Larval fish typically show a higher feeding incidence and intensity during the day than at 
night (Paper V; Last 1980), associated with a reliance on visual feeding (Batty 1987). A 
reduction in feeding success with depth in shallow water has also been observed (Paper V), 
which may be related to a reduction in light levels due to turbid conditions. Interestingly, at 
least some marine and freshwater larval fish species have been shown to feed in complete 
darkness (Last 1979; Mookerjii & Rao 1993). Fresh, undigested organisms have also been 
found in the guts of sardine larvae at night (Paper Ill) suggesting the ability to capture food 
using senses other than sight. 
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Different species and also different stages of individual species, differ in their response to 
food deprivation (Theilacker & Porter 1994). The mid-gut epithelial cells of anchovy have 
been experimentally shown to deteriorate to a point where they can no longer return to a 
functioning state, if food is withheld for only 24 hours (IRB McFadzen Pers. comm.). 
Research is required to assess how important the role of feeding at night might be to 
enhanced survival in some species. 
Lasker ( 1975) proposed that turbulence, caused by wind or tidal and current mixing, could 
disperse the food concentrations which are typically found around the chlorophyll 
maximum, to a level where there was reduction in larval feeding success, a decrease in 
growth rates and an increase in mortality rates. While some of these effects are 
acknowledged (Maillet & Checkley 1991) current opinion is that moderate turbulence in 
the water column may actually accumulate concentrations of food, increase production and 
act to enhance feeding success in larvae, by concentrating larvae and prey and thus 
changing encounter rates (Sundby & Fossum 1990). However, this has to be balanced 
against the possibly increased energetic costs associated with feeding in turbulent waters. 
Turbulence is difficult to assess in the field and most studies are theoretical modelling 
exercises (Sundby 1995). 
The effect of turbulent mixing on anchovy larvae, following a storm, was studied in the 
northern Adriatic (Paper V). The storm cause a 41% decrease in concentration of the 
preferred food items and a change in the food species composition, but larvae were still 
able to maintain a similar food intake, demonstrating remarkable adaptability. There was 
also no indication of higher mortality rates following the storm (Coombs et al. In press). 
While considerable effort is being directed towards understanding the effect of turbulence 
on larval feeding, the results suggest that effort should also be concentrated on 
understanding the effects of turbulence on plankton reproduction and production. 
Harpacticoid copepods were able to maintain their reproductive output during turbulent 
conditions (Paper V), while calanoid and cyclopoid nauplii reduced in numbers. The ability 
of harpacticoids to successfully feed in turbulent conditions has been demonstrated 
experimentally (Suderman & Thistle 1998), which is almost certainly the key to 
maintenance of reproductive output. 
Assessing condition of fish larvae 
It is difficult to sample dead or moribund larvae in the sea, because a weak larvae will be 
quickly preyed upon (Bailey & Houde, 1989). To assess the proportion of larvae which are 
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m poor condition and are unlikely to survive, larval condition can be estimated by 
morphometric, histological and biochemical methods (Reviewed by Ferron & Leggett 
1994). 
There is good evidence that food availability can directly affect larval condition and 
survival (Anderson, 1994; Theilacker et al., 1996), but some methods such as histology and 
gut enzyme analysis are susceptible to post-mortem deterioration of the larvae, unless 
processing is rapid. Theilacker & Porter (1994) even introduced correction factors in their 
histological studies to allow for this deterioration. 
The importance of particular lipids in the diet is well recognised ( e.g. Bell & Sargent 
1996), but analysis of total lipid as a measure of condition using whole larvae is 
confounded by lipid in the gut contents, which can account for as much as 56% of total 
lipid (Lochmann et al. 1996). 
The use of carbon analysis as a measure of condition has recently seen a revival (Paper VI; 
Westernhagen 1998). The practical advantages of this type of elemental analysis is that it is 
relatively insensitive to post-mortem deterioration. However, the source of carbon utilised 
during starvation varies between species and developmental stage, so carbon content can be 
regarded only as a gross index of condition. 
Carbon analysis of the total larvae will also include the gut contents, but the bias 
introduced during this and other processing which utilise the complete larva, may be less of 
a problem with clupeoids such as field-caught sardine larvae, as there are typically few 
organisms in their guts because of regurgitation (Paper TII). Additionally, a higher 
proportion retained food in their guts at night compared to many other fish larvae (Last 
1980). The low level of diel feeding variability was reflected in the absence of any clear 
day/night change in carbon content. 
Changes in carbon content can be a useful indicator of condition in fish larvae 
(Westernhagen 1998) and larval sardine were shown to have the lowest carbon content, and 
to be significantly undernourished, during periods when food availability was lowest 
(Paper VI). However there was no consistent relationship during other periods, probably 
because relative fine-scale horizontal and vertical distributions of larvae and prey were not 
accounted for in the sampling methods. 
Condition analysis using RNA/DNA techniques were carried out on larval sardine 
collected during the same cruise as the larvae analysed for carbon in Paper VI (Chicharo et 
al. 1998). While the DNNRNA ratios were significantly correlated with zooplankton 
abundance, < 1% of larvae were considered to be starving and the period when most were 
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starving did not correspond to the same period when carbon values were lowest (Paper VI}, 
highlighting how different condition assessments may respond to different influences. 
During the study on larval anchovy (Paper V), it was noted that larvae with the deepest 
distributions had significantly less food in their guts. While this may be related to visual 
difficulties capturing food at depth, it has been noted that fish larvae in poorest condition 
can be sampled deeper in the water column (Gmnkjrer et al. 1997; Sclafani et al. 1997). 
Rather than collecting larval fish material for condition studies using depth integrated 
sampling methods, consideration should be given to using stratified sampling and 
comparing condition between depths. 
Digestion of natural food by larval fish 
Aspects of the digestion process in fish larvae were reviewed by Govoni et al. (1986), who 
recommended further research on the changing digestive and assimilative abilities during 
larval development, to provide a better understanding of their enzyme systems. Very little 
is known about how efficiently different foods are digested, apart from the unnatural diets 
such as brine shrimps and formulated foods used in aquaculture (Spyridakis et al. 1989; 
Webster & Lovell 1990). The natural diet of fish larvae includes organisms with great 
morphological and structural diversity (Papers m, V) features which must affect 
digestibility and nutritional potential. However, how well individual organisms are 
digested cannot be assessed from the gut contents, which will have been there for varying 
periods of time, but only from faeces. 
Govoni et al. ( 1986) stated that larval fish do not produce discrete faeces, but gave no basis 
for this observation. However, while feeding batches of turbot larvae (Scophthalmus 
maximus) natural plankton, preparatory to histological studies, it was observed that they 
produced faeces enclosed in a membrane. It was realised that by harvesting these faeces, 
assessment of how well different food items which had traversed the complete alimentary 
canal were digested could be obtained (Paper 1). It was found that there was considerable 
interspecific difference in the degree to which different organism were digested, as 
measured by comparing their dry weight, carbon and nitrogen content with that of fresh 
individuals of the same species. 
The aquaculture industry is increasingly experimenting using either pumped natural prey 
from local waters (Pittman 1996) or cultured natural prey in larval fish culture (Stettrup & 
Norsker 1997), because of problems with vitamin and amino acid deficiencies in some of 
the feeds which are currently used, deficiencies which can cause developmental 
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abnormalities in the larvae (McEvoy et al. 1998). Further experiments under controlled 
conditions using the techniques developed (Paper 1), have the potential to provide 
information for the aquaculture industry, on how well individual natural food organisms 
are digested, the feeding levels necessary for healthy and efficient growth of the fish larvae 
and which organisms would be worth culturing as food sources. However, if the organisms 
were cultured on monocultures of phytoplankton, dietary deficiency problems could arise 
in fish larvae, as their diet would not include the wide range of natural particles which they 
would filter out in the sea (Kieppel & Burkart 1995). Thus they may not accumulate certain 
vitamins or amino acids essential to the fish larvae. The study in Paper I has already 
contributed towards a better understanding of topics as diverse as digestive efficiency 
(Johnston & Mathias 1996) and sedimentation of copepod carcasses (Genin et al. 1995) 
It was noted in several larval fish dietary studies that copepods eggs often appeared to be 
undigested in the guts (e.g. Conway 1980; Nakata 1988). It was subsequently observed 
(Paper I) that copepod eggs appeared to pass through larval turbot guts in an apparently 
undigested condition. This indigestibility has important nutritional implications, as 
copepod eggs can form a substantial proportion of the diet of the early stages of a wide 
range of larval fish species. 
Digestibility of copepod eggs was investigated in greater detail (Paper 11), and it was shown 
for the first time that a substantial proportion of the eggs of a range of copepod species, 
including species which do not produce resting eggs, were not digested by different ages of 
turbot larvae, even following gut passage times of up to 6.3 hours, and that certain species 
could also retain their viability. These observation also have implications for copepod 
survival, since egg-carrying female copepods are known to be visually selected for by 
predators, because of their greater bulk (Boil ens & Frost 1991 ). 
The copepod eggs most commonly found in the guts of early stage fish species, including 
important commercial species, are the large (1801.lm diameter) free spawned eggs of 
Calanus spp. (Papers ill, V; Last 1980). Inability of fish larvae to digest these eggs could 
potentially contribute to interannual or areal differences in larval fish mortality, perhaps 
ultimately modifying recruitment. Experimental work feeding Calanus spp. eggs to larvae 
of these commercial fish species is essential. 
The knowledge that copepod eggs may not be digested during larval fish gut passage 
(Paper 11) has led to reassessment of feeding success observations in larval fish feeding 
studies (e.g. Hillgruber et al. 1997; Fox et al. 1999) and in the routes by which viable 
copepod eggs arrive in the bottom sediments (e.g. Marcus 1995; Lindley et al. 1998), as 
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well as stimulating further studies on retention of viability in other invertebrate eggs when 
fed to larval fish (Saint-Jean & Pagano 1995). 
The rate of food passage through the gut 
In studies of energetics and food requirements of larval fish, the daily ration is based on 
calculations of the amount of food in the gut at different times of day, and statistical 
derivations of gut passage rate (e.g. Hillgruber et al. 1997), as there is a dearth of 
information on how rapidly food passes through the gut and the factors which determines 
passage rates. Rates are described for turbot larvae in Paper I where mixed natural prey 
were used. Gut passage could take between 1.2 and 6.3 hours, depending on the size of the 
organisms. Similar experiments were subsequently conducted by Canino & Bailey (1995) 
using dyed Artemia, who criticised the results in Paper I on the basis that passage rates 
could not be estimated from mixed plankton food, as size might affect rate. They suggested 
a single species should be used, ignoring the fact that fish larvae feed on a range of particle 
sizes in the wild. 
Gut passage rates slow down when feeding stops (Canino & Bailey 1995), so because 
larvae generally stop feeding at night, food can be retained in the guts for at least a 
substantial part of the night (Paper m; Last 1980). During this period of relative inactivity, 
the larvae can digest and assimilate food very efficiently (Canino & Bailey 1995). Anchovy 
larvae, at least in the Adriatic region, were found to be unusual among fish larvae, in that 
their guts were completely emptied within 30 minutes of sunset (Paper V), suggesting a 
different energetic strategy from the majority of other fish larval species. This is 
particularly surprising in this species, as it has been found to be particularly vulnerable to 
food deprivation (IRB McFadzen Pers. comm.). 
Future research 
The earliest seminal theories on the affect of food availability on larval fish survival (Hjort 
1914; Cushing 1975) suggested that adequate food during particular periods of 
development was critical and that mortality levels sustained during early development 
might determine ultimate recruitment levels. While food availability is undoubtedly an 
important factor in larval fish survival because of its affect on condition and growth rates 
(Gotceitas et al. 1996; Theilacker et al. 1996), many other factors are now known to be 
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involved (Anderson 1985) and it is accepted that recruitment in a species may be decided at 
almost any stage of early development (Sogard 1997). 
It would be impossible to encompass all known factors affecting larval fish survival in one 
study project, without massive resources. Their interactions are potentially very complex 
and recent reviews (e.g. Houde, 1997) have suggested that progress in understanding how 
selective forces generally shape recruitment will depend increasingly on modelling. 
Recent advances in mathematical modelling techniques (Heath & Gallego 1997) allow the 
representation and simulation of both physical and biological oceanographic processes 
which offer the possibility of extensive examination of a range of different scenarios. 
While in the past, biological processes have been poorly represented in larval fish survival 
models, these new models are being coupled with work we are currently involved in, 
developing algorithms to convert satellite derived chlorophyll measurements and 
Continuous Plankton Recorder (Glover 1967) plankton distributions, to estimates of 
regional plankton secondary production. These are exciting developments towards better 
understanding and predicting fish recruitment. 
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Digestion of natural food by larval and 
post-larval turbot Scophthalmus maximus 
D. V. P. Conway, P. R. G. Tranter, S. H. Coombs 
Natural Environme nt Research Council, Plymouth Marine Laboratory, Prospect Place, The Hoe, 
Plymouth, Devon Pll 3DH, United Kingdom 
ABSTRACT: The digestion of natural, mainly crustacean zooplankton, by different age groups of tur-
bot Scophthalmus maxim us larvae was evaluated by comparisons of visual appearance, dry weight and 
carbon and nitrogen content of fresh food organisms with material recovered from faeces. Visually, the 
degree of digestion of food particles ranged from no discernible change of lamellibranch larvae, cope-
pod eggs, intact cope pod faecal pellets and some phytoplankton species, to vaT)ing degrees of removal 
of body constituents in copepods, cladocerans and decapod zoea. For crustaceans, the proportion of 
body constituents removed was related to the size and construction of their apparently indigestible 
exoskeleton. Upon defaecation larger organisms showed the greatest percentage loss in dry weight 
and carbon. A high percentage of nitrogen was extracted from all organisms. There was no consistent 
difference in digestive efficiency between differe nt age groups of larvae . 
lNTRODUCTION 
Starvation is suggested to be one of the primary fac-
tors influencing th e high mortality experie nced by the 
early larval stages of marine fish (Bailey & Houde 
1 989). Although considerable research effort has been 
directed towards understanding the relationship be-
tween survival of larvae and food availability, the 
digestibility of the various food orga nisms (i.e . how 
efficiently their constituents are removed during gut 
passage) has received little consideration. 
Although they can consume a wide spectrum of food 
organisms (Turner 1984), the main food for larval fish is 
crustacean, especially the various developmental 
stages of copepods. Their diet generally reflects the 
species composition of the surrounding plankton 
(Checkley 1982, Young & Davis 1992). There can be 
g rea t morphological and structural diversity a nd dif-
ferences in chemical composition between the various 
food organisms, which must give equivalent variations 
in digestibility and nutritional potential. Furthermore, 
larval fis h, with few reported exceptions (e.g. Rosch & 
Segner 1 990), do not mechanically disrupt their prey 
during ingestion. Thus, while soft-bodied prey may be 
easily broken down enzymatically in the gut, organ-
€:> Inter-Research 1993 
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isms with apparently indigestible exoskele tons or 
shells, such as crustaceans and mollusc larvae, may be 
more difficult to digest efficiently and the re may be a 
range of digestibility between prey types. Larval fish 
growth and survival could thus vary regionally and 
temporally due to differences in the digestibility of the 
most abundant available food . 
Assessment of the ability of larval fish to digest par-
ticular organisms from conventional gut content inves-
tigations on preserved larvae is misleading, because as 
they are still within the digestive tract, digestion has 
not been completed . In the present study food organ-
isms from freshly recovered faeces of differe nt age 
groups of turbot Scophthalmus maximus larvae are 
examined and analysed to compare the efficiency of 
feeding on different items. 
MATERIALS AND METHODS 
Larval turbot, 17 and 34 d post-hatch were obtained 
from Golden Sea Produce Ltd . Hunterston. Scotland , in 
August 1992 and transported in insulated containers to 
Plymouth. England . The 34 d old turbot were under-
going metamorphosis but, for ease of description, all 
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ages are termed larvae. Experiments were subse-
quently carried out on 3 age ranges of larvae, 21 to 27 d 
(6.2 to 10.6 mm, ea 100 larvae), 37 to 46 d (14 .4 to 
20.5 mm, ea 60 larvae) and 53 to 67 d (21.6 to 39.2 mm, 
ea 30 larvae). While it would have been desirable to 
have also worked with a younger, potentially more vul-
nerable age range of larvae, there would have been 
practical difficulties in carrying out some of the proce-
dures because of the small size of their food . 
At the Plymouth Laboratory the larvae were main-
tained under continuous subdued lighting conditions, at 
temperatures of 18 to t9 •C. in small aquaria of 5 or 151, 
at a stocking density of 5 to 25 per aquarium, depending 
on size. The aquaria were not aerated but hall the sea-
water (salinity approximately 34 .0 psu) was replaced 
each day. Prior to transport to Plymouth the 17 d old 
larvae had been fed rotifers Branchionus plicaWis and 
Artemia salina nauplii, and the 34 d old larvae A. salina 
nauplii alone. These diets were replaced in the experi-
ments with a mixture of wild zooplankton, collected reg-
ularly off Plymouth using a variety of plankton nets 
(50 to 200 J..lm). Some additional feeding experiments 
were carried out using the brackish water copepod 
Eurytemora velox. The range of organisms fed to the 
turbot larvae was, apart from E. velox, a simila r mixture 
to that which they would encounter, and on which they 
have been observed feeding in the wild (Jones 1972, 
Last 1979). All experimental observations were made 
between 11:00 and 20:00 h GMT to reduce the influence 
of any diurnal changes in feeding intensity. 
Feeding experiments were started at 07:00 h GMT 
when mixed plankton was introduced to each aquar-
ium at a density of approximately 200 organisms I · 1• 
Plankton density was regularly maintained throughout 
the experiment and dead material removed. Collection 
of faecal material from the larvae was facilitated by 
turbot larvae producing faeces which are encased in 
a thin membrane which maintains their structural 
integrity. (Membranes were also observed on the 
faeces of Gobius sp. but not Callionymus lyra larvae, 
which bad been collected in the plankton samples 
taken for food .) Over the first 4 h of each experiment, 
faeces were collected from the bottom of the aquaria 
using a wide-bore pipette and discarded. After 4 h, 
once the guts had been flushed out with more recently 
ingested food , faeces were collected at 5 min intervals. 
They were immediately opened in seawa ter under a 
microscope and a selection of intact individual organ-
isms (n = 1717) removed for processing. A record was 
kept of the visual state of digestion of the organisms, as 
well as organism size (cephaJothorax length for cope-
pods, carapace length for decapod zoea, total length 
for cladocera and diameter for copepod eggs). They 
were then briefly dipped in distilled water to remove 
adherent salt. This procedure may lead to the loss of 
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small amounts of organic material but is necessary in 
order to obtain accurate dry weights to which the other 
analyses are related . Organisms were then placed 
in solvent-cleaned (acetone and chloroform) pre-
weighed (Cahn 25 Electrobalance) tin cups (5.3 x 
3.2 mm). Depending on the weight of the organism, a 
variable number of specimens was placed in each cup 
to give a minimum of 20 J..lg sample weight. The open 
cups were then dried for 24 h at 60 •c, compacted, and 
stored in a desiccator. Subsequently the samples were 
weighed and then analysed for carbon and nilrogen 
with a Carlo Erba model NA 1500 Series 2 elemental 
analyser, using acetanylide as a calibration standard. 
Faecal membranes from 2 age groups of larvae were 
also collected and analysed . 
In order to measure the dry weight and carbon and 
nitrogen content of undigested plankton, specimens 
(n = 947) of the same range of species as found in the 
faeces were selected from the same fresh plankton as 
supplied as food to the larvae. Processing of these sam-
ples was in the same way as for those extracted from 
the faeces. 
During the experiments a restricted number of ob-
servations (n = 14) were made on the rate of passage of 
food particles through the intestinal tract. This was car-
ried out by placing groups of 5 larvae in aquaria, feed-
ing them until they were producing faeces and then 
introducing a different, easily recognisable marker 
food (e.g. Eurytemora velox) . Feeding was then contin-
ued and faeces collected and examined at 10 min inter-
vals until the first appearance of the marker. 
As a measure of general larval condition and as a 
check on the functional integrity of the gut, samples of 
individual larvae (n = 24) were taken at intervals dur-
ing the experiments and preserved in Baker's formol 
calcium fixative for subsequent histological examina-
tion . Following fixation, larvae were processed for 
methacrylate embedding, then serially sectioned at 
2 1-1m in the sagittal plane, using Ralph glass knives, 
and stained in Lee's methylene blue/basic fuchsin , 
before mounting in Canada Balsam (McFadzen et al. 
199 1). 
RESULTS 
Feeding behaviour and rate of passage of food 
Turbot larvae fed on a wide variety of prey, reflect-
ing availability in the size range which they could 
ingest. From observations through the sides of the 
aquaria during the experiments it was noted that 
larger food particles were selected preferentially 
before smaller ones. This was especially the case for 
very motile and visible organisms such as decapod 
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zoea, although these were sometimes ejected from the 
mouth several times before being swallowed, probably 
a consequence of their spiny carapace and vigorous 
struggling. 
The rate of passage of food through the guts of lar-
vae was unpredictable and took be tween 1.2 and 6.3 h 
(Fig. 1). The main pulse of marker particles usually 
occured about 1 h after the first appearance. Food 
ingested concurrently did not necessarily pass through 
at the same rate; on 2 occasions Eurytemora velox eggs 
were observed in the faeces of 46 and 64 d old larvae, 
50 min and 1 h respectively, before the adult female 
exoskeleton. 
Histological examination of the gut 
Histological examination of the digestive tract of tur-
bot larvae from each of the 3 age groups showed that 
the fore-, mid- and hindgut regions were in good con-
dition. Deep longitudinal folds (villi) were evident 
throughout the gut, particularly in the ventral region, 
which is indicative of normal healthy development 
(Cousin et al. 1986). In particular, the hindgut epithe-
lium showed normal cellular integrity, with large 
supranuclear inclusion bodies present which are 
reported to be indicative of intracellular digestion of 
food particles engulfed by pinocytosis (O'Connell 
1976) . Other tissues assessed were the liver, pancreas, 
kidney, gills, trunk muscle, notochord and cartilage. 
All tissues were found to be healthy, in accordance 
with descriptions of Cousin et al. (1986). 
Conten ts of the faeces 
The membrane surrounding the faeces was usually 
tinted orange or brown. Faeces were usually well 
compacted, but a large proportion of crustacean 
exoskeletons were intact, although sometimes crushed 
and distorted . The largest copepods consumed were 
Anomalocera patersoni, Labidocera wollastoni and 
Calanus helgolandicus (Table 1) which were often bro-
ken into 2 or 3 pieces in the faeces, suffering greater 
disruption to the exoskeleton than smaller copepods. 
Of the smaller copepods, robust compact species such 
as Centropages typicus, Temora longicornis, Cory-
caeus anglicus, Euterpina acutifrons and Oncaea spp. 
were rarely crushed, while Acartia clausi and the 
cladoceran Evadne nordmanni, which are less robust, 
were usually crushed. 
All nutrient digested from the food is not necessarily 
absorbed and an unknown and probably variable 
amount of dissolved nutrient, which cannot be quanti-
fied \vith the present experimental procedure, may be 
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Fig. 1. Scophthalmus maximus. Rate of passage of a range of 
food items, through the intestinal tracts of larvae of different 
ages. Each point represents the fast est rate for a group of 
5 larvae. (<>) Eury!emora velox; ( .. ) Anomalocera pa!ersoni; 
(e) Temora long1cornia ; (x) decapod zoea; (+) mixed plankton, 
including cirripede nauplii and the copepods Pseudocalanus 
elonga!us, Temora Jongicornis and Oil bona spp. 
egested with the faeces and either immediate ly leach 
out into the aquarium or be released when the faecal 
membrane is removed. Results obtained are therefore 
a measure of the amount of material which the turbot 
larvae can digest from a particular organism and not 
what is actually absorbed. 
Organisms in the faeces were usually well digested, 
with copepods reduced to transparent exoskeletons. 
There were, however, some exceptions. Corycaeus 
anglicus often appeared to be largely undigested, with 
orange liquid contents which we re ejected if the cope-
pod was punctured; Temora longicornis and Centra-
pages typicus, which generally have very opaque 
bodies, sometimes had small amounts of undigested 
material remaining inside the exoskeleton. In Pseudo-
ea/anus elongatus, a species which often has large 
lipid reserves, lipid globules sometimes still remained 
in the exoskeleton, or occasionally globules were 
found free inside the faecal membrane when these 
copepods were present. In Acartia clausi especially, 
intact undigested faecal pellets liberated from the 
copepods gut were commonly observed free within the 
otherwise transparent exoskeleton . The subitaneous 
(non-diapause) eggs of A. dausi, Eurytemora velox, 
Euterpina acutifrons, Oncaea spp. and C. anglicus and 
the thick walled diapause eggs of Evadne nordmanni 
were commonly found apparently undigested in the 
faeces (Conway unpubl.) . 
29 
Some non-crustacean food also appeared to resist 
digestion. Of the mollusc larvae, most lamellibranchs 
did not appear to be digested, only a few were noted 
with open shells and no contents . A few chitinous 
224 Mar. Ecol. Prog. Ser. 100: 221-231, 1993 
Table 1. Scophthalmus maximus. Length range, mean dry wt of fresh food orgamsms and mean percentage loss in weight of 
the same range of food organisms after digesllon by 3 age groups of larvae. Number of observatiOns {n) are shown and also the 
standard deviations (SD) of the means where there was sulficient sample size. The developmental stage and sex (M = male and 
F = female) of copepods are noted 
Organism 
Copepoda 
Anomalocera patersoni SM 
A. patersom 6F 
A. patersoni 6M 
Calanus helgolandicus 6F 
C. helgolandicus 6M 
Labidocera wollastoni 6F 
L. woUastoni 6M 
Centropages typicus SF 
C. typicus 6F 
C. typicus 6M 
Temora longicornis 5 
T. longicornis 6F 
T. longicornis 6M 
Eurytemora velox SF 
E. veloxSM 
E. velox 6F 
E. velox 6F wilh eggs 
E. velox6M 
E. velox eggs 
Pseudocalanus elongatus 6F 
Corycaeus anglicus 6F 
Acartia dausi 6F 
A. c/ausi6M 
ParacaJanus parvus 5 
P. parvus 6F 
Euterpina acuWrons 6F 
C1adocera 
Podon intermedius 
Evadne nordmanni 
Decapod zoea 
Necora puber 
Pisidia long~eornis 
Faecal membrane 
37-46 d larvae 
57-67 d larvae 
Length range 
(mm) 
1.8-1.9 
1.8-2.8 
2.2-2.4 
1.8-2.3 
2.0-2.2 
1.8-2.4 
1.7-2.0 
0.8-0.9 
1.3-1.5 
1.1-1.3 
0.7-0.8 
0.8-0.9 
0.7-0.9 
0.6-1.0 
0.6-0.8 
0.9- 1.1 
1.0-1.1 
0.7- 1.0 
0.09-0.11 
0.7-0.08 
0.5-0.7 
0.7- 0.9 
0.7-0.9 
0.6-0.7 
0.6-0.8 
0.5-0.7 
0.7-0.9 
0.4-0.5 
I 3- 1.6 
0.7-0.9 
Mean fresh 
dry wt (l!g) 
129.4 
253.9 
185.3 
107.5 
128.0 
132.2 
87.0 
20.4 
35.4 
35.8 
8.6 
22.1 
14.5 
15.5 
12.0 
16.9 
19.3 
14.8 
0.3 
9.0 
8.1 
5.3 
8.1 
5.3 
5.4 
3.6 
9.7 
3 I 
84.7 
18.7 
chaetognath jaws were found , the only part of the 
organism apparently resistant to digestion. Occasion-
ally the large diatom Coscinodiscus concinnus and the 
prasinophyte Halosphaera spp. occurred in the faeces, 
to all appearances undigested and still with green con-
tents, although the conte nts were noticeably disrupted 
and the cells no longer viable. 
The le ngth of digested copepods was found to be 
slightly less than for undigested material. For example 
a group of Eurytemora ve/ox females which were 
measured had a cephalothorax length range of 0.92 to 
1.13 mm and a mean length of 1.01 ± 0.03 mm (n = 21) 
while the same stage after dtgestion had a 
cephalothorax length range of 0 .81 to 1.01 mm and a 
mean length of 0 .93 ± 0.04 mm (n = 45), a significant 
30 
SD 
27.9 
12.0 
7.9 
8.8 
2.9 
0.8 
1.4 
1.8 
1.5 
1.4 
0.3 
0.1 
1.6 
0.6 
0.7 
0.7 
30.7 
n 
2 
4 
5 
6 
1 
2 
1 
2 
4 
4 
I 
4 
2 
3 
11 
9 
9 
2 
3 
3 
2 
3 
I 
3 
3 
3 
J 
Mean % loss in weight after digestion 
21-27d n 37-46d n 53-67d n 
86.8 
84.4 
80.6 5 
81.7 2 
78.7 4 
77 .0 3 
49.1 2 
73 6 
45.2 J 
87.6 2 
84 .5 6 
85.6 7 
85.1 2 
79.7 1 
89.6 3 
79.3 2 
87.7 
59.3 7 
72. 1 2 
40.7 3 
65.2 4 
75.6 I 
64.2 5 
35.8 4 
67.9 I 
27.8 3 
80.4 3 
48.4 3 
55.0 3 
52.9 1 
2 
82.7 1 
85.1 2 
81.1 
88.5 
60.8 1 
72.9 3 
69.0 4 
44 .2 2 
69.7 19 
60.0 21 
79.3 2 
70.9 2 
54 .3 4 
49.1 6 
72.8 2 
48.1 I 
47.2 2 
56.7 
77.4 
2 
15 
(from /-test analysis p < 0.00 1) reduction in length of 
7.9 %. The observed shrinkage may be due to partial 
collapse of the exoskeleton a fter loss of turgidity or to 
denaturation of the protein holding the exoskeleton 
together. The shrinkage, which is comparable to that 
found after fixa tion in formalin , is a consideration if 
one was trying to relate gut content measurements to 
fresh food measurements. 
Dry weight analysis of fresh and digested food 
The length range of fresh food organisms, their mean 
dry weight and their mean percentage loss in weight 
afte r dtgestion are given in Table I . There were con-
Con way et al. : Dtgesllon of natural food by turbot 225 
siderable differences in mean fresh dry weight 
between male and female copepods of the same spe-
cies and between species of the same cephalothorax 
length. Egg-bearing female copepods are not neces-
sarily substantially heavier than those without eggs, as 
demonstrated by the similarity in mean dry weight of 
Eurytemora velox Stage 6 females with and without 
eggs. By weighing detached egg masses, individual 
egg weight was estimated to be 0.3 j.lg. The hlghest 
number of eggs counted in an egg mass was 29, so that 
the egg mass could represent up to to 57% of the mean 
body dry weight (16.9 ).lg) . 
The mean percentage loss in dry weight by food 
after digestion varied from 27.8 to 89.6 % between dif-
ferent gToups of food organisms. In general there was 
little difference in digestive weight loss of food 
between fish larvae of different ages. Only for the 
cladocerans was there any great variability, but with 
no consistent pattern. Weight loss was highest (>80 % ) 
in the largest, heaviest copepods such as Calanus hel-
golandicus, Anomalocera patersoni and Labidocera 
wollastoni. Among the smaller copepods (Pseudo-
calanus elongatus, Acartia clausi, Corycaeus anglicus, 
Paracalanus parvus and Euterpina acutifrons) , weight 
loss after digestion was more variable at between 
27.8 and 75.6 %. Both species of decapod zoea had low 
weight loss (52.9 and 55.0%) even though Necora 
puber had a fresh weight comparable to the larger 
copepods which showed a high weight loss. Within the 
different stages of the same copepod species percent-
age weight loss was generally similar. 
Carbon and nitrogen analysis of fresh and 
digested food 
The mean percentage carbon and nitrogen of the 
dry weight of fresh food organisms and their mean 
percentage loss in carbon and nitrogen following 
digestion, for the same group of specimens as in 
Table 1. are given in Tables 2 & 3. The range of 
percentage carbon for fresh copepods varied from 
28.2 to 52.4 % and while there was no clear rela-
tionshlp with size, lower values found tended to be 
among the smaller copepods such as Euterpina acu-
Ufrons. On passage through the guts of turbot larvae. 
copepods lost 55.7 to 97.7 % of their carbon, in the 
majority of cases decreasing by over 80 %. Larger 
copepods tended to lose a greater percentage. A 
hlgh proportion of carbon (80.2 to 89.5 %) was also 
removed from cladocerans and the decapod zoea 
Necora puber. although in the other zoea, Pisida 
Jongicornis. it was reduced by a lesser amount 
(64 .8 %). There was no clear difference in digestive 
ability between larvae of different ages although the 
31 
older turbot larvae tended to extract a greater per-
centage of carbon. 
The proportion of the fresh dry weight of copepods 
represented by nitrogen ranged from 6.4 to 11.5 % 
(Table 3). In general the smaller copepods had the 
lower mean percentages. A very high proportion of ni-
trogen was extracted during digestion (78.7 to 100 %) 
and in approximately half the analyses it was not 
detectable in the faeces. There were no clear patterns 
between different organisms, stages of copepods or 
ages of larvae. The mean C:N ratio for fresh organisms 
(Table 3) varied for most species over a narrow range 
from 3.6 to 4.5, though the hlgh carbon content of 
Eurytemora velox led to C:N values of up to 5.3. 
When the individual determinations of percentage 
carbon and nitrogen of fresh and digested food are 
plotted against dry weight for 4 large (Fig. 2a, b) and 4 
small copepod species (Fig. 3a, b) the effects of diges-
tion are hlghlighted. In fresh copepods the carbon and 
nitrogen values fall withln a restricted range. The 
greatest variability, especially in percentage carbon, 
was among copepods weighing < 20 J.lg. The greater 
variability in carbon and nitrogen composition ob-
served among smaller, lighter organisms is not a prob-
lem of analytical sensitivity because the smaller items 
were bulked together to give similar sample weight to 
larger organisms, but reflects real differe nces in chem-
ical composition and differences related to structural 
diversity. In digested food (Figs. 2b & 3b) the spread of 
values is much greater than in fresh food . Greater vari-
ability was again in food remains weighing < 20 ~tg 
where a large proportion of specimens had low or no 
detectable nitrogen. 
Faecal packaging does not appear to occur in all fish 
larvae and whatever advantage is gained has to be 
balanced against energy lost in the process. The 
amount of carbon and nitrogen lost as a percentage of 
the dry weight of the faecal membrane (Tables 2 & 3) 
was very low (14 .4 to 14 .7 % and 0 to 1.1 % respec-
tively), so the membrane has no more nutritional 
potential than the faecal constituents. 
DISCUSSION 
Larval fish have been shown, both in experimental 
studies and in the field, to lose condition when food is 
scarce {Werner & Blaxter 1980, Canino et al. 1991) . In 
the present study turbot larvae were fed zooplankton 
at approximately 200 1· • whlch is a higher concentra-
tion than found under most natural conditions (Canino 
e t al. 1991. Coombs et al. 1992). The feeding concen-
tration was chosen so that larvae were not constrained 
by lack of food and with the potential for an element of 
selectivity. Higher concentrations were not offered 
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Table 2. Scophthalmus maxim us. Mean we1ght of carbon a nd mean percentage carbon of the dry weight of fresh food organisms 
and mean percentage loss m carbon of the same range of food organisms after digestion by 3 age groups of larvae. The number 
of observations are as for Table I. Standard deviations (SO) of the means are shown where there was sulficient sample size. The 
developmental stage and sex (M = male and F = female) of copepods are noted 
Organism Mean fresh wmght so Mean % carbon so Mean % loss in carbon after digestion 
of carbon (l!g) of fresh dry wl 21-27d 37-46d S3- 67 d 
Copepoda 
Anomalocera patersoni SM 49.3 
A. patersoni 6F 102.7 12.2 
A. patersoni 6M 76.2 6.6 
Ca/anus helgolandicus 6F 42 .4 S.6 
C. helgolandicus 6M 49.3 
Labidocera wollastoni 6F S2.4 
L. wollastoni 6M 3S.S 
Centropages typicus SF 10.6 
C. typicus 6F 14.4 4.3 
C. typicus 6M 13.2 0.6 
Temora Jongicomis S 3.2 
T. longicomis 6F 9.3 0 .6 
T. Jongicomis 6M S.4 
Eurytemora velox SF 7.8 0.3 
E. ve/oxSM 6.3 
E. velox6F 7.2 0.9 
E. velox 6F with eggs 9.2 0.8 
E. ve/ox6M 7.0 0.8 
E. velox eggs 0.1 
Pseudocalanus elongatus 6F 3.7 0.2 
Corycaeus ang/icus 6F 2.8 0.2 
Acartia cl a usi 6F 2.4 
A. clausi 6M 2.4 0.1 
Paraclanus parvus S 1.6 
P. parvus 6F 1.7 
Euterpi11a acutifrons 6F 1.0 0.2 
C1adocera 
Podon intermedius 3.3 0.3 
Evadne nordmanni 1.2 0.2 
Decapod zoea 
Necora puber 26.9 8.0 
P1sidia longicornis 4.7 
Faecal membrane 
37- 46 d larvae 
S7-67 d larvae 
since an excess of food is suggested to lead to supres-
sion of digestion (Werner & Blaxler 1980). The larvae 
preferentially fed on the largest suitable organism 
available, which has also been noted in other work on 
turbot (Meeren 1991) and, in common with most larval 
fish feeding studies, food organisms appeared to be 
ingested without any obvious mechanical disruption. 
One measure of condition of fish larvae is the stale of 
the cells Lining the intestine, as estimated from histo-
logical criteria (e .g . Oozek.i et al. 1989). During starva-
tion the cell height of the gut wall reduces, enzyme 
production declines and thus digestive capability 
diminishes (Pedersen et al. 1990) and food may be 
egested undigested. In the present study, histological 
sections of the gut and other organs of larval turbot 
38.0 92.9 
39.8 0.7 91.8 93.2 
40.7 1.0 91.6 89.3 
38.7 2.S 94.8 88.7 
38.S 9l.S 87.8 
42.1 89.S 91.2 
40.8 90.0 90.2 
34.2 92.4 91.2 
40.3 3.4 81.9 84 .7 
36.4 3.4 71.7 84 .3 
37 .4 68.3 79.3 
42.1 3.0 80.6 82.7 
37.7 72.3 
S0.3 3.4 93.3 
S2.4 97.7 
43.1 S.4 90.9 94.6 
47.6 1.2 
47.7 4.S 94.S 93.9 
3S. l 
42.1 3.0 94 .S 
34.0 2.2 72.0 80.S 
44 .7 74.1 64 .9 84.2 
31.9 8.8 87 .S 8S.7 
30.6 83.0 
32.0 7S.9 
28.2 3.0 SS.7 74 .9 
34.1 3.2 8S.6 
39.6 1.9 83.1 80.2 87.4 
33 .2 3.1 89.S 
2S.4 64.8 
14.4 
14.7 4.6 
confirmed that the larvae were in good condition. It 
may thus be concluded that there was no undue feed-
ing stress on the larvae and that adequate nutrition 
was available . 
The extent to which food organisms were digested 
depended on their size and structure. The larger cope-
pods which have a strong exoskeleton were often bro-
ken into 2 or 3 p1eces. Because of their bulk they are 
probably more easily crushed by peristaltic action as 
they pass through the gut, although some of the dis-
ruption could also have taken place as they passed 
through the anal sphincter. Among the smaller species 
of copepods, the degree to which they were crushed in 
the faeces depended on the thickness of the exoskele-
ton and the compactness of their body. Species which 
32 
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Table 3. Scophlhalmus maxim us. Mean we1ght of nitrogen and mean percentage nitrogen of the dry weight and C:N rallo of fresh 
food organisms, and mean pe rcentage loss in nitrogen of the same range of food organisms alter digestion by 3 age groups of lar-
vae. The number of observations are as for Table 1. Standard deviations (SO) of the means are shown where the re was sufficient 
sample size. The developmental stage and sex (M = male and F = female) ol copepods are noted 
Organism Mean fresh weight SO Mean % nitrogen so C:N Mean "'o loss in nitrogen after digestion 
of nitrogen (llg) of fresh dry wt ratio 21-27 d 37-46d S3-67 d 
Copepoda 
Anomalocera patersom SM 13.7 10.6 
A. patersoni 6F 27.2 3.3 10 .S 
A. palersoni 6M 2 1.0 2.0 11.2 
Calanus belgolandicus 6F 1\.S l.S 10.S 
C. helgolandicus 6M 12.S 9.8 
Labidocera wolfastom 6F 14.3 1\.S 
L. wollastoni 6M 10.0 11.4 
Centropages typicus SF 2.4 7.8 
C. typicus 6F 3.S 1.0 9.7 
C. typicus 6M 3.4 0.2 9 .S 
Temora Jongicorrus S 0.8 9.8 
T. /ongicom1s 6F 2.4 0.1 10.7 
T. /ongicomis 6M 1.4 9.7 
Eurytemora velox SF 1.7 0.1 10.9 
E. veloxSM 1.2 9.9 
E. velox6F 1.8 0.2 10.8 
E. velox 6F with eggs 2. 1 0.2 11.2 
E. velox6M 1.5 0.1 10.2 
E. velox eggs 0.027 8.3 
Pseudocalanus elongatus 6F 0.9 0.1 10.8 
Corycaeus anglicus 6F 0 .6 0.1 8.1 
Acartia dausi 6F 0.6 10.9 
A. dausi6M 0 .6 0 .1 8.0 
Paracalanus parvus 5 0 .4 7.4 
P. parvus 6F 0.4 84 
Euterpina acutifrons 6F 0.2 0 .1 6.4 
Cladocera 
Podon intermedius 0.7 0.1 7.6 
Evadne aordmanm 03 0.1 10.7 
Decapod zoea 
Necora puber 6.7 1.7 8.S 
Pisid/a longJComis I I S.9 
Faecal membrane 
37-46 d larvae 0.0 
S7- 67 d larvae l.l 
occasionally still had small amounts of obviously un-
digested contents were generally those which were 
resistant to crushing and thus from which it may be 
more difficult to extract their contents. While 
Corycaeus anglicus seemed particularly resistant to 
digestion, this was not completely renected in the dry 
weig ht and chemical analysis of digested specimens. 
From an examination of the faeces it is clear that 
particular components in the die t a re poorly digested 
by turbot larvae. Chitinous crustacean exoskeletons at 
least superficially appear to be unchanged by the 
digestion process. Few studies have analysed for chiti-
nolytic enzyme activity in !ish larvae, although chiti-
na.se has been reported in the eggs and larvae of red 
sea bream Pagrus major (Kono e t al. 1987) and from 
33 
3.6 100.0 
0 .2 3.8 94.S 9S.1 
o.s 3.6 9S.2 93.2 
0.7 3.7 100.0 97.6 
3.9 100.0 92.3 
3.7 100.0 93.0 
3.6 100.0 100.0 
4.4 100.0 100.0 
o.s 4.1 97.1 94 .2 
1.2 3.8 81.8 95.1 
3.8 97.0 94.9 
0 .4 3 .9 87 .6 86.7 
3.9 80.2 
0.9 4.6 100.0 
S.3 100.0 
1.4 4.0 100.0 99.0 
0.3 4.2 
0.8 4.7 100.0 98.9 
4.2 
1.0 3.9 100.0 
0.6 4.2 78.7 9S. 1 
4.1 82.2 94.S 98.1 
1.8 3.9 97 .2 96.9 
4.1 100.0 
38 100.0 
09 4 5 92.1 100.0 
0 .7 4.5 100.0 
1.2 3.7 100.0 100.0 100.0 
1.6 4.0 94.3 
4.3 100.0 
1.2 
the late yolk sac stage and beyond in trout Salmo 
gairdneri (Lindsay 1985). Even in adult fish which feed 
on crustaceans, chitin does not appear to be fully uti-
Lized (Seiderer et al. 1987). Lindsay (1984) concluded 
that, in adu lt fish, the primary function of chitinase 
may be for the initial chemical disruption of the 
exoskele ton of prey. This may also be the function in 
larval fish, although some nutritional gain cannot be 
discounted. 
Lipid absorption has been demonstrated in many lar-
val fish species (Rosch & Segner 1990, Deplano e t al. 
1991) and turbot larvae have been shown to possess 
the enzyme ltpase (Cousins et al. 1987) . However, in 
this study, turbot larvae had apparen1 ly not extracted 
all the storage liptd from Pseudocalanus elongatus. 
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70 (1974). Checkley (1982). Kane (1984). 
A Tilseth & Ellertsen (1984), Nakata 60 (1988) and V in as (1991). Lamelli-
50 Carbon n = 35 branch larvae are numerous in the 
w I • diet of fish larvae in particular areas (!) • (Checkley 1982, Brewer & Kleppel c{ 40 •• • • 
... 
• • 1- • .. 
·:• • • • z • • • 1986, Nakata 1988) and there is evi-w • 
u 30 • dence that they were actively selected cc 
w by Black Sea turbot Scophthalmus a._ 
20 Nitrogen maeoticus (Spectrova et al. 1974). 
The observed resistance of phyto-
10 o<O~ 0~ 0 og c 0 & "" """ " " " " plankton to digestion has also been 
noted by Nakata (1988) for diatoms, 
0 by Checkley ( 1982) for prasinophytes 
0 50 100 150 200 250 300 and by Kane (1984), Nakata (1988) 
MEAN FRESH DRY WEIGHT (1!9) and Villas ( 1991) for dinoflagellates. Digestion of phytoplankton in many 
fish larvae may be limited to species 
70 with less robust cell walls. Phyto-
B plankton has been observed in the 
60 guts of many larvae at the early 
n = 80 stages of development although it is 
50 commonly reported as an amorphous 
w • mass (Last 1979, Kane 1984). Cope-(!) 
c{ 40 • Carbon pod faecal pellets are also a source of 1- • • z 
• phytoplankton material in larval fish w 
u • 
cc 30 " .... guts (Eilertsen et al. 1980). In the pre-w • • a._ ••• • .). • sent study and in that by Bhatta-
20 • • 
• •• • • # • • charyya ( 1957) there was no visual 
• • • 
• • • evidence of copepod faecal pellets • 10 • Nitrogen bemg digested. The chemical compo-
" 
<tJ 6 (1, 
"" " """ sition of the pellet membrane is still 0 
controversial. but chHin is considered 
0 10 20 30 40 50 60 to be a major component (Bochdan-
MEAN DIGESTED DRY WEIGHT (JJ9) sky & Herndl 1992). Since the mem-
brane is closed at both ends it forms 
Ftg 2. Scophthalmus max/JTius. Percentage carbon and n.ilrogen of the 
mdivtdual mean dry wetghts of 4 or the larger copepods taken as food: (AI fresh 
and (B) afte r digeslJon. No. of observations (n) for each analysis are given. 
( • . "'' Anomalocera patersoni; (• . o) Ca/anus helgolandicus; (+. O) Cenlropages 
an unbroken barrier against enzyme 
penetration. However, when the pel-
lets have been free in the sea for some 
Lime and been exposed to bacterial 
typ1cus; (• . o) Temora longicomis 
Checkley ( 1982) and Pedersen (1984) also noted poor 
digestion of copepod storage lipid in larval herring 
Clupea harengus. Wax ester, the main storage lipid of 
copepods, is more dHficult to digest than other lipid 
classes (Patton et al. 1975) so that when large quanti-
ties appear in the gut, larvae may not have the enzyme 
capacity to cope with it. 
Certain complete organisms were almost invariably 
found apparently unaltered by the digestion process. 
These included lamellibranch larvae whose resistance 
to digestion by larval fish is well documented and has 
been noted by Bhattacharyya (1957), Spectrova e t al. 
34 
and mechanical disruption (Lampttt 
et al. 1990), they may be more 
digestible. 
Because of the variability of copepod morphology 
there were considerable dry weight differences be-
tween species and between sexes. It is clear that body 
dimension measurements would have to be more com-
prehensive than cephalothorax length alone to be able 
to relate them accurately to weight. Reproductive sta-
tus could a lso affect dry weight. However the mean 
dry weight of Stage 6 females of Eurytemora velox 
was similar whether or not they were carrymg eggs, 
even though the egg mass can represent up to 57 % of 
the mean body dry weight. This is understandable 
because some of the females were carrymg few eggs, 
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while some without eggs had many 
late development eggs a lready in 
the oviducts ready to be laid, and 
so were effectively carrying them 
internally. w 
<!) 
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There was little clear difference 
in digestion efficiency with increas-
ing larval age, which is surprising 
since digestive enzyme complement 
has been demonstrated to change 
with age in turbot larvae (Cousin 
et al. 1987), suggesting that over 
the age range of larvae examined, 
the enzym e systems a re similarly 
developed. 
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After digestion the heavier organ-
isms tended to have the highest 
percentage weight loss (> 80 %). It 
appears that while the exoskeleton of 
crustaceans becomes thicker and 
heavier with increasing size, the in-
creasing ratio of body volume to sur-
face area outweighs this, so that the 
weight proportion of digestible inter-
nal contents increases. There are 
exceptions to this as in the decapod 
zoea; Necora puber has a high dry 
weight but lost only 55.0 % on 
digestion, which is low compared 
with a copepod of the same weight, 
probably due to differences in exo-
skeleton bulk. Among the smalle r 
crustaceans the harpacticoid cope-
pod species Euterpina acutifrons 
had a low weight loss (27 .8 to 4 7.2 %) 
which may be due to their small size, 
particula r cylindrical body shape. 
a nd thus high exoske leton weight 
relative to contents. 
Pedersen & Hjelmeland ( 1988) 
estimated that 82 to 95 % of carbon 
was extracted from mixtures of 
Ftg 3. Scophthalmus maXJmus. Percentage carbon and mtrogen of the individual 
mean dry weights of 4 of the smaller copepods taken as food: (A) fresh and 
(B) after digestion. No. of observations (n) for each anal ysis are given. (• , AI Eury-
/emora ve/ox, (• . a) Acart1a clausi; (+ .O) Euterpma acutifrons; (• . o) Corycaeus 
Acartia tonsa nauplii and early 
copepodite developmental stages during digestion by 
larval herring. These results are similar to the present 
study where reduction in carbon content on digestion 
reflected the reduction in dry weight, being greater in 
the larger copepods (>85 %) and less, and more vari-
able, in small copepods and decapod zoea . Since tur-
bot larvae were observed to preferentially select the 
larger food items, this represents an efficient feeding 
strategy. Nitrogen compounds appear to be more read-
ily extractable components than carbon; in half the 
analyses nitrogen was reduced to the level where it 
was not detectable. Nitrogen is associated with the soft 
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ang/Jcus 
parts of the prey while the chitinous exoskele ton is 
high in structural carbon. Chitin contains low levels of 
nitrogen and this will contribute to the value measured 
in digested food . Zero nitrogen values suggest either 
that there is partial digestion of chitin or that values a re 
below detection limits. No clear pattern of reduction in 
nitrogen was seen between different organisms. 
Irrespective of the degree of digestibility of different 
food items, the actual amount of food absorbed is the 
important fa ctor in the nutrition of larval fish. Rate of 
food passage through the gut, which can be modified 
by many factors (Karjalainen et al. 1991), may be an 
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important de terminant of the efficie ncy of food absorp-
tion . Experimental results have indicated that passage 
rate can be altered by changing the food concentra-
tion, such that Artemia salina nauplii fed at high densi-
ties were still alive after passing through the gut of lar-
val herring Clupea harengus, whereas they were 
digested at lower densities (Werner & Blaxter 1980). 
Similar observations were made on Black Sea turbot 
Scophtha/mus maeoticus (Spectorova et al. 1974). 
Boehlert & Yoklavich ( 1984) found for larval Pacific 
herring (C. harengus pa/las1) that, while evacuation 
rate increased with increasing food concentration, 
carbon assimilation from individual food particles de-
creased; however, overall, the greater food throughput 
gave a higher energy gain . In the present series of 
experiments, where food concentration was relatively 
high, the greatest variable possibly being the species 
composition of the plankton supplied as food , gut pas-
sage lime was variable and unpredictable. However, 
food organisms were invariably well digested. 
The rate of passage of different sizes of food organ-
isms through the larval fish digestive tract is poorly 
understood. In larval herring Clupea harengus, which 
have straight guts, Pedersen ( 1984) observed that 
copepods did not change their position relative to one 
another. However, peristaltic action has been observed 
to alter the relative position of food in larval cod Gadus 
morbua of 7 d post-hatch, which at this age have 
simple straight tubular guts (Tilseth & Ellertsen 1984). 
In the present study, while passage rates were un-
predictable, particles of different sizes, ingested at the 
same time, such as Eurytemora velox and their eggs, 
were observed to have different rates in the looped gut 
of turbot larvae. Karjalalnen et al. ( 1991) observed that 
when feeding of larval vendace Coregonus albula was 
suspended, copepodites remained in the guts longer 
than nauplii, also suggesting slower passage rates of 
larger organisms. Possibly, differential retention of 
food by larval hsh is more evident at even later stages 
of gut development. 
The results from this study demonstrate, for larval 
turbot, a considerable range m digestibility of natural 
food both within and between prey species. However, 
data were collected over several weeks and factors 
such as changes in individual condition of larvae, dif-
ferences in nutritional quality within and between food 
species, the species mix of food made available and the 
possibility that some organisms spend longer passing 
through the gut than others, could all interact to pro-
duce the variability observed in the results. These are 
all factors the larvae would be subjected to in nature 
and therefore the results may be representative of nat-
ural conditions. 
Fish larvae feed on a variety of organisms and stages 
and while particular food organisms may be of lower 
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nutritional potential than others, present results sug-
gest that it is unlikely under conditions of high food 
concentration and broad species diversity that their 
nutritional requirements would not be largely satisfied. 
It is possible that if food density was at best marginal to 
their requirements and this was coupled with a large 
proportion being poorly digestible, they could suffer 
loss in condition, causing death through starvation or 
an increased vulnerability to predation. Digestibility of 
food may thus be a contributory factor in larval fish 
survival. 
A cknowledgements. We thank A. Barbour and W. Cleeve of 
Golden Sea Produce Lld for their generous support and to I. 
McFadzen who provided ltistologtcal experl.lse. This work 
forms part of the programme of Laboratory Project 2 of the 
Plymouth Marine Laboratory (PML) a component institute of 
the U.K. Natural Environment Research Council (NERC). 
Finance has been provided in part by the U.K. Ministry of 
Agriculture Fisheries and Food (MAFF) under contract 
GCA 10, and by the U.K. Department of the Environment 
(DoE) under contract PECD 717/359. 
LITERATURE CITED 
Bailey, K. M., Houde, E. D. ( 1989). Predation on eggs and lar-
vae of marine fishes and the recruitment problem. Adv. 
mar. B10l. 25: 1-83 
Bhattacharyya, R. N. [1957). The food and feeding habtts of 
larval and post- larval hernng in the northern North Sea. 
Mar Res. No.3· 1-16 
Bochdansky, A. B., Herndl, G. J . (1992) . Ecology of amor-
phous aggregations (manne snow) in the Northern Adri-
al.lc Sea. V. Role of fecal pellets in manne snow. Mar. Ecol. 
Prog. Ser. 89: 297-303 
Boehlert. G. W., YoklaVJch, M. M. ( 1984). Carbon assimilation 
as a function of tngestton rate in larval Pacilic herring, 
Clupea harengus pallasi ValenCiennes. J . exp. mar. Bioi. 
Ecol. 79: 251-262 
Brewer. G . D., Kleppel, G. S. (I 986) . Die! vertical dislribuuon 
of fish larvae and thetr prey in nearshore waters of south-
ern Cahlornia. Mar. Ecol. Prog. Ser. 27: 217- 226 
Canino, M. F., Bailey, K. M., lncze, L. S. (1991). Temporal and 
geographic dilferences in feeding and nutritional condt-
uon of walleye pollock larvae Theragra chalcogramma tn 
Shelikof Strait, Gull of Alaska. Mar. Ecol. Prog . Ser. 79: 
27- 35 
Checkley, D. M. Jr. (1 982). Selecl.Jve feedtng by AUanuc her-
ring (Ciupea harengus) larvae on zooplankton in natural 
assemblages. Mar. Ecol. l'rog. Ser. 9: 245- 253 
Coombs. S. H .. Nichols. J H., Comvay. D. V. P., Milligan, S .. 
Halliday, N. C. ( 1992). Food avallabtlity !or sprat larvae in 
the lnsh Sea. J . mar btol. Ass. U.K. 72: 821 - 834 
Coustn, J . C. B., Balouet. G , Baudin-Laurencm, F. (1986). 
Alterations histologtques observees chez des larves de tur-
bot (Scophthalmus maximus) en elevage intensiJ . Aqua-
culture 52: 173-189 
Coustn, J . C. B .. Baudm-Laurenctn, F., Gabaudan, J . (1 987). 
Ontogeny o! enzymatic acttVIlles m fed and !astmg turbot, 
Scophthalmus maxim us L J . Ftsh. Bioi 30: 15- 33 
Deplano, M .. Dtaz, J . P., Connes, R., Kentoun-Divanach, M., 
Cava!Jer, F. ( 1991 J. Appearance of liptd-absorptton capac-
tltes in larvae of the sea bass D1centrarchus Jabrax 
Conway e t al.: Dtgeslion of natural food by turbot 231 
during transition to lhe exoiiophic phase. Mar. Bioi. 108: 
361-371 
Ellertsen. B .. Solemdal, P., Stremme. T .. Tilseth, S., WestgArd. 
T .. Moksness, E., 0iestad, V. {1980). Some biological 
aspects of cod larvae {Gadus morhua L.). FtskDir. Skr. Ser. ' 
HavUnders. 17: 29- 47 
Jones, A. {1972). Studies on egg development and larval rear-
ing of turbot, Scophthalmus maxim us L., and brill, Scoph-
tha/mus rhombus L., in the laboratory. J . mar. bioi. Ass. 
U.K. 52: 965-986 
Kane. J . {1984). The feedmg habits of eo-occurring cod and 
haddock larvae from Georges Bank. Mar. Ecol. Prog . Ser. 
16: 9-20 
Karjalainen, J ., Koho, J ., Vtljanen, M. {1991). The gastric 
evacuation rate of vendace {Coregonus albula L.) larvae 
predating on zooplankters in the laboratory. Aquaculture 
96: 343-35 1 
Kono, M., Furukawa, K., Satoh, H .. Matsui, T., Shimizu, C. 
(1987). Changes in lhe chitinase activity at dilferent stages 
of red sea bream Pagrus major egg, larva, and juvenile. 
Ntppon Suis. Gak. 53: 1289-1293 
Lampitt, R. S., Noji, T., van Bodungen, B. {1990). What hap-
pens to zooplankton faecal pellets? Implications for mater-
ial nux. Mar. Bioi. 104 : 15-23 
Last, J . M. { 1979). The food of larval turbot Scophthalmus 
maximus L. from lhe west central North Sea . J . Cons. int. 
Explor. Mer 38: 308-313 
Lindsay, G. J . H. (1984). Distribution and function of digestive 
IIact chitinolytic enzymes in fish. J . Fish. Bioi. 24 : 529-536 
Lindsay, G. J . H. {1985). Development of gastric chitinase 
activity in uout {Salmo gairdneri). Aquaculture 48: 
285-290 
McFadzen, I. R.B., Coombs, S. H .. Lowe, D. M. (1991). Histo-
logical indices of condition of larval sprat Sprattus sprat/us 
L., in relation to lhe Sardine Anchovy Recruiiinent Project 
{SARP). Comm. Meet. int. Coun. Explor. Sea C.M.-ICES 
1991fL: 48: 1- 8 
Meeren, T. van der (199 1). Selective feeding and prediction of 
food consumption in turbot larvae (Scophthalmus maY-
Imus L.) reared on lhe rotiler Brachionus plica tills and nat-
ural zooplankton. Aquaculture 93: 35-55 
Nakata, K. {1988). Allmentary tract contents and feeding con-
ditions of ocean-caught post-larval Japanese sardine, 
Sardinops melanos!Jctus. Bull. Tokai Reg. Fish. Res. Lab. 
126: 11 -24 
O 'Conne ll, C. P. {1976) . Histological criteria for diagnosing 
the starving condition in early post yolk sac larvae of lhe 
northern anchovy, Engrauhs mordax Girard. J . exp. mar. 
Bioi. Ecol. 25: 285 - 312 
Th1s ar!Jcle was submitted to the editor 
37 
Oozek.i , V .. lshti, T., Hirano. R. (1989). Histological study of the 
effects of starvation on reared and wtld-caught larval 
stone flounder, Kare1us bicoloralus. Mar. Bioi 100: 
269-275 
Patton, J . S .. Nevenzel, J . C., Benson. A. A. {1975). Specificity 
of digestive lipases in hydrolysis of wax esters and In-
glycerides studied in anchovy and other selected fish. 
Lipids 10: 575-583 
Pedersen, B. H. {1984). The intestmal evacuation rates of lar-
val herring (C/upea harengus L.) predating on wild plank-
ton. Dana 3: 21-30 
Pedersen, B. H., Hjelrneland, K. {1988). Fate of trypsin 
and assimilation efficte ncy in larval herring { C/upea 
harengus) following digestion of copepods. Mar. Bioi. 97 : 
467- 476 
Pedersen, B. H., Ugelstad, 1., Hjelrneland, K. { 1990). Effects of 
a transitory. low food supply in the early life of larval her-
ring {C/upea harengus) on mortality, growth and digestive 
capacity. Mar. Bioi. 107: 61-66 
Rosch, R., Segner, H. {1990). Development of dry food for lar-
vae of Coregonus lavaretus L. I. Growth, food digestion 
and fat absorbtion. Aquaculture 91 : 101-115 
Seiderer, L. J .. Davis. C. L .. Robb, F. T., Newell, R. C. { 1987). 
Digestive enzymes of lhe anchovy Engraulis capensis in 
relation to diet. Mar. Ecol. Prog . Ser. 35: 15-23 
Spectorova, L. V., Aronovich, T. M., Doroshev, S. 1. , Popova, 
V. P. (1974). Artilictal rearing of the Black Sea tur-
bot larvae {Scophthalmus maeoticus). Aquaculture 4: 
329-340 
Tilselh, S., Ellertsen. B. !1984). Food consumption rate and 
gut evacuation processes of first feedmg cod larvae 
{Gadus morhua L.). In: Dahl, E., Danielssen, D. S., Mok· 
sness. E .. Solemdal, P. (eds.) The propagation of cod 
Gadus morhua L. Arendal, Norway. Fledevigen rapportser 
1: 167- 182 
Turner, J . T. ( 1984). The feeding ecology of some zooplankters 
that are important prey ite ms of larval fish . NOAA natn. 
mar. Fish. Serv. tech. Rep. Circ. 7: 1- 28 
Vitias, M. D. {1991) . Feeding ecology of Engraulis anchoita 
first feeding larvae in a tidal mixed front off lhe Valdes 
Perunsula {Argentina). Comm. Meet. int. Coun. Explor. 
Sea C.M.-ICES 1991fL: 83: 1-19 
Werner, R. G., Blaxter, J H. S. {1980). Growlh and survwal of 
larval hernng {C/upea harengus) in relation to prey den-
sity. Can. J . Fish. Aquat. Sci. 37: 1063- 1069 
Young. J . W .. Davis. T. L. 0 . {1992). Feeding ecology and 
mterannual variations in diet of larval Jack mackerel. Tra-
churus declives {Ptsces: Carangtdae). from coastal waters 
of eastern Tasmartia. Mar. B10l. 113: 11 -20 
Manuscnpt f!ISI received· March 15, 1993 
Revised verswn accepted: July 19, 1993 
Authors declaration Paper I 
Conway, D.V.P., Tranter, P.R.G., Coombs, S.H. (1993). Digestion of natural food 
by larval and post larval turbot Scop/Jthalnrus maximus. Marine Ecology 
Progress Series, 100: 221-231. 
D.V.P. Conway carried out the experimental work, sample analysis, data interpretation 
and preparation of the manuscript to 95% of the total effort. 
P.R.G. Tranter 
S.H. Coombs 
38 
I. 
I 
l 
I 
, 
:.-·· 
.~--'. --
'. 
Papern 
Conway HvP; McFadZen IRB, lfranter PRG (1994):.Digestibn of copepod' 
teggs by lat;vaJ. turb~t Scophtfwlmus ,maxtmus .and. egg viability 
following gut passage. MarEcoLPtog Ser 106: 303~309 
_____ ,,,__ __ 
39: 
·, 
,, 
Vol. 106: 303-309, 1994 
MARINE ECOLOGY PROGRESS SERIES 
Mar. Ecol. Prog. Ser. Published April 7 
NOTE 
Digestion of copepod eggs by larval turbot Scophthalmus 
maxim us and egg viability following gut passage 
D. V. P. Conway, I. R. B. McFadzen, P. R. G. Tranter 
Natural Environment Research Council, Plymouth Marine laboratory, Prospect Place, West Hoe, Plymouth, Devon PLI 3DH, United IOngdom 
ABSTRACT: Between 20.5 and 93.6 % of the subitaneous 
eggs of 6 species of egg-carrying copepods passed undi· 
gested through lhe digestive tracts of larval and early post· 
larval turbot Scophthalmus maxim us. Viability of the eggs of 
Eurytemora affinis, E. velox and Euteipina acutifrons re-
mained . high on egestion (67.0 to 91.7 %), Pseudocalanus 
elongatus and Oncaea venusla eggs had low viability ( 1.1 to 
1.5 % ), while all Corycaeus anglicus eggs were rendered invi-
able. The indigestibility of lhe eggs denies lhe turbot la rvae a 
potentially valuable food resource, w hile retention of high 
egg viability in certain species reduces lbe effect of predation. 
KEY WORDS: Scophthalmus maxim us larvae · Copepod eggs · 
Digestion · Egg viability 
Organisms consumed when larval and early post- lar-
val turbot Scophthalmus maxim us are fed on mixed zoo-
plankton vary in their digestibility (Conway e t al. 1993) . 
Of particular note, copepod eggs appear to remain com-
ple te ly undigested . This has important nutritional im-
plications, as numerically, eggs can form a substantial 
proportion of the diet of larval fish (e.g . Conway 1980, 
Kellerman 1990). Resistance to digestion by copepod 
eggs has previously been indicated from gut content 
studies, whe re apparently undigested eggs, of a range 
of species, have been observed in the digestive tracts of 
the larvae of herring C!upea harengus (Schnack 1972). 
grey mullet Mugil spp. (Zismann et al. 1975), blue whit-
ing Micromesistius poutassou (Conway 1980), Japanese 
sardine Sardinops melanostictus (Nakata 1988), rock-
ling Ciliata spp. (TuJly & 6 Ceidigh 1989) and anchovy 
Engraulis anchoita (Vinas 1991). Since these observa-
tions we re on eggs sWI on passage through the intesti-
nal tract, it cannot be discounted that they had recently 
been ingested . However, gut content observations can 
indicate whether there is diffe rentia l digestion be tween 
food items, a nd this was indeed noted during a study on 
© Inte r-Research 1994 
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feeding of larval sprat Sprat/us sprattus (Conway et al. 
1991). In that study female copepods of Pseudocalanus 
elongalus and Oithona sp., both egg-carrying species, 
were found in the hind-guts well digested with only 
their exoskeletons remaining, while eggs in close asso-
ciation, presumably from the copepods, were undi-
gested (Conway unpubl.) . A similar differential diges-
tion of copepod females and eggs has a lso been noted 
during gut content examination of the chaetognath 
Sagitta elegans (Alvarez-Cadena 1993). 
Resistance to digestion of a range of crustacean eggs 
has been confirmed from faecal examination of several 
groups. Faeces of the shore bird Charadrius vociferus 
contained a se lection of freshwater crustacean (anos-
tracan, copepod and ostracod) eggs (Proctor et al. 
1967) and some were sWI viable. Copepod eggs, both 
subitaneous and diapause, were isolated from the fae-
ces of marine benthic polychaetes and a high propor-
tion were viable (Marcus 1984). Non-digestion of subi-
taneous copepod eggs has been further demonstrated 
by the work of Crawford & Daborn (1986), who found 
that when adults of a small estuarine fish Menidia 
menidia fed on egg-carrying females of the brackish 
wate r. estuarine copepod Eurylemora herdmanni, 
many intact eggs were egested. Reddern & Daborn 
( 1991 ), using the same 2 species, established that 90 % 
of egested copepod eggs were viable. 
The above, largely quali tative experiments, were all 
carried out on adult animals from either fr esh water or 
estuarine/coastal marine environments . The crusta-
cean eggs fed upon were either diapause, or from spe -
cies which can produce diapause eggs, so the eggs 
may be particula rly adapted to survive environmenta l 
stress. This study is the first to investigate the ability of 
a larval fish species, the turbot, to digest the subita -
neous eggs of a selection of egg-carrying copepod 
species of both estuarine/coastal a nd open sea distrib-
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utions, including species which are only known to 
produce subitaneous eggs. Turbot larvae are particu-
larly suited to this type of study as they package their 
faeces in a thin membrane (Con way et al. 1993), so out-
put of faecal material can be monitored. 
Material and methods. Studies were carried out at a 
commercial fish fa rm, Golden Sea Produce Ltd, 
Hunterston, Scotland, in February 1992 and at the Ply-
mouth Marine Laboratory, Plymouth, England, in 
August 1992 and July and August 1993 using farmed 
turbot larvae aged 2S to 77 d post-hatch, length 6.8 to 
36.3 mm. Larval turbot commence metamorphosis at 
approximately 3S d post-hatch, but for convenience a ll 
specimens were termed larvae. Depending on larval 
size, groups of 3 to 10 were placed in S or 1S I glass 
aquaria containing filtered (20 pm) seawater (33 to 
34.S psu) collected in the open sea off Plymouth. They 
were maintained under conditions of continuous sub-
dued lighting and gentle aeration at 16 to 19•c. The 
water of the experimental aquaria was replaced at 
least every second day with fresh sea water at the same 
temperature and salinity . 
Turbot larvae had been fed on brine shrimp Artemia 
salina nauplii at the fish farm, but this diet was 
replaced with live zooplankton, collected locally to 
Plymouth approximately 3 times a week using a vari-
ety of plankton nets (SO to 200 pm). In the experiments 
female copepods which carry their eggs rather than 
species laying free-spawned eggs were used, to 
encourage larvae to feed on large numbers of copepod 
eggs in a short time period and to allow more accurate 
assessment of throughput of eggs. 
The calanoid copepod Pseudoca/anus e/ongatus, the 
cyclopoids Oncaea venusta and Corycaeus anglicus 
and the harpacticoid Euterpina aculifrons were ob-
tained from the zooplankton samples collected off 
Plymouth in a salinity of 33 to 34 psu. The calanoid 
copepod Eurytemora affinis was collected from the 
upper tidal River Tamar north of Plymouth in a salinity 
of 3 to 4 psu and Eurytemora velox obtained from 
Golden Sea Produce Ltd, where it was being cultured 
in a salinity of approximately 12 psu. Females of these 
copepods were extracted from samples and kept in 
beakers until they produced eggs. For each experi-
ment a sub-sample of the female copepods was mea-
sured (total length). the number of attached eggs 
counted and egg diameter measured (see Table 1) . 
Only in Oncaea venusta and Corycaeus anglicus 
were the eggs clearly carried in sacs; the eggs in 0. 
venusta were compressed to a sub-circular shape 
within the sac. Eurytemora affinis, E. velox, Pseudo-
ea/anus e/ongatus and Euterpina acutifrons carry their 
eggs in a single mass without any obvious outer egg 
sac. Apart from P. elongatus and 0 venusta , all other 
experimental species have dark egg membranes. 
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Experiments were started at approximately 08:00 
GMT following a 14 h overnight period when no fur-
ther food was added, so food density decreased . The 
seawater in the aquaria was first replaced with fresh 
filtered sea water and the larvae allowed to acclimatize 
for O.S h. All egg-carrying copepods of the species 
being exammed were extracted from the beakers, 
transferred to the aquaria and the turbot larvae 
observed at intervals until they had ingested the cope-
pods. Live, mainly copepod zooplankton was then 
introduced, so that movement of food through ·the 
digestive tract was encouraged. Plankton density was 
maintained at approximately 200 organisms 1- 1 • Exper-
iments were conducted each day, so all copepod eggs 
consumed were aged 1 to 24 h post-laying. 
Larval turbot produce faeces covered in a thin mem-
brane, which maintains their structural integrity. To see 
how long it took for the membrane to break down, sam-
ples of intact faeces were incubated at 16 •c in sea wate r. 
Faeces settle out immediately and are easily identifiable 
on the bottom of the aquaria as the membrane is usually 
orange or brown in colour. They were gently collected 
every IS rnin using a large, wide-bore pipette, placed in 
solid watch glasses containing filtered sea water and dis-
sected under a microscope. The time taken for the ex-
perimental copepods and their eggs to appear in the 
faeces (gut passage time) was recorded. To estimate 
whether any eggs were being lost through complete di-
gestion, the number of female copepods and number of 
eggs associated with them in the faeces was noted and 
compared with the mean number of eggs being carried 
before they were fed to the larvae. 
To check the viability of eggs in the faeces from 
the feeding experiments above, eggs were left in the 
watch glasses, while all other faecal remains and as 
much seawater as possible were removed with a fine 
pipette. Fresh, filtered seawater was then introduced 
and the watch glasses covered with glass slides to 
prevent evaporation. The eggs were incubated at 
t6 •c in continuous subdued Light. They were exam-
ined at regular intervals for up to 9 d and the ap-
pearance of nauplii used as a measure of viability. 
Their viability was compared with that from a control 
group of eggs which had not passed through turbot 
larvae. 
The calanoid copepods Acartia c/ausii and Temora 
Jongicom1s spawn subilaneous eggs freely into the 
water. During egg laying, small numbers of eggs (2 to 
S) were observed to remain attached to the genital seg-
ment for some time before being dislodged by sudden 
movement of the female, or physical contact With other 
zooplankton. Eggs can thus be ingested incidentally by 
larval fish when feeding on the female copepod. Small 
numbers of their eggs were recovered from the faeces 
and incubated as above . 
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To ascertain the condition of the larvae during the 
experiments small numbers were removed at intervals, 
anaesthetised using MS-222 and preserved in Baker's 
formal calcium fixative for histological examination. 
Following fixation, smaller larvae were processed for 
methacrylate embedding and sectioned at 2 llffi in the 
sag1ttal plane (McFadzen et al. in press) . Larger larvae 
were processed for paraffin wax embedding, then seri-
ally sectioned at 5 ~m in the sagittal plane. All meth-
acryla te sections were stained in Lee's me thylene 
blue/basic fuchsin (Bennett et al. 1976) and wax sec-
tions in haematoxylin and eosin prior to examination 
for tissue condition. 
Results. Between copepod species the number of 
eggs carried varied considerably (Table 1). Corycaeus 
anglicus had the greatest mean number of eggs 
(38.0 ± 14.46), Pseudocalanus elongatus the fewest 
(8.3 ± 2.69). Because female cope pods were at different 
states of egg laying when examined, there was consid-
erable variation in the number of eggs carried by indi-
viduals of the same species. In C. anglicus, Eurytemora 
affinis and E. velox, eggs were strongly attached to the 
females, while in P elongatus especially but also in 
Oncaea venusta and Eulerpina acuUfrons, eggs were 
more readily detached from, or discarded by, the 
females. 
It was noted that female Eurytemora vel ox containing 
ripe eggs in the oviducts sometimes transferred them to 
the egg mass when stressed, e .g . when they were trans-
ferred to a small petri dish for microscopic examination. 
Eggs in the oviducts measured slightly less in diameter 
(73 lo 82 ~m) than those in the egg mass (90 to 110 ~m), 
but were already circular in shape. 
Hatching lime of the fresh , control eggs was gener-
ally the value given at the lower end of the ranges in 
Table 1; only small numbers of eggs required the full 
number of days given. Viability was >84.8 % for all 
species except Euterpina acutifrons (68.6 %). Of all the 
individual batches of eggs of Eurytemora velox, 
Corycaeus angl.icus and Oncaea venusta incubated, at 
least a proportion of each batch hatched. In Eury-
temora affinis, Pseudocalanus elongatus and E. acu-
Ufrons there were respectively 5.7, 8.7 and 13.3% ·of 
individual copepod egg batches totally failing to hatch. 
The low egg viability in E. acuUfrons resulted from a 
combination of high individual egg batch failure cou-
pled with a general low hatch rate. 
While food was not replenished overnight, the turbot 
larvae were not starved at any time, as Live food was 
still present in the aquaria in the mornings. The initial 
faeces produced during the experiments were com-
posed of food introduced the previous day. Examina-
tion of faecal material showed that while copepodites 
were digested to the extent that only exoskeletons 
remained, a proportion of the ingested eggs of all 
copepod species were present, apparently unaffected 
by digestion . The time taken for female copepods and 
their eggs to pass through the intestinal tract was vari-
able (Fig. 1). ranging from 1.8 to 6.5 h (mean overall 
time 3.9 ± 1.2 h) and was not obviously related to larval 
Table t . Scophthalmus maxim us. Mean lengths, egg diameter, number of eggs carried, hatching lime and egg viability, fresh 
and after gut passage, for the 6 main copepod species fed to turbot larvae. SD given where possible 
Ewytemora Eurytemora Pseudoca/anus Oncaea Corycaeus Euterpina 
affinis velox elongatus venusta anglicus acutifrons 
Range of totaJ length (mm) 1.07-1.29 1.36-1 .68 1.00- 1 18 0.64-0.68 0.86- 1 07 0.68-0.79 
Mean length 1.19 ± 0.06 I 48 ± 0.09 1.08 ± 0.05 0.66 ± 0 02 0 .96 ± 0 .06 0.72 ± 0.04 
No. of observations 20 18 19 13 18 6 
Rdnge egg dJameter (pm) 73-98 90-1 10 102- 122 45-57 54 - 60 54-73 
Mean egg diameter (llm) 85.5 ± 5.50 103±7.36 116 ± 7.04 53± 3.53 57 ± 2.02 62 ± 5.88 
Rdnge no. of eggs carried 7- 44 J-23 2-14 13-34 15-57 9-20 
Mean no. of eggs earned 21.8 ± 9.97 11.7 ± 4.78 8.3 ± 2.69 22.3 ± 7 34 38.0 ± 14 .46 14 .1 ± 2.67 
No. of observations 70 21 68 18 18 27 
Hatch tune (d) 2-J 2-4 J - 6 2-6 3-4 2-J 
Viability of fresh eggs (%1 89.4 95.4 84 .8 87 I 85.7 68.6 
No. of females 63 11 29 18 18 27 
Total no. of eggs in expenment 1370 131 224 402 701 390 
Viability of egested eggs(%) 9 1.7 82.5 1.1 1.5 0 67 
Total no. of eggs in experiment 1692 532 184 66 420 264 
Mean no. of eggs female · ' 16.1 75 1.7 20 13.2 m faeces 
Eggs passing through the gut 73.9 64 . 1 20.5 52.6 93.6 und1gested ("n) 
Larval turbot age (d) 32-72 30-62 35-74 28-72 26-60 25-62 
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age . A small number of eggs(< 1 %) had disrupted egg 
membranes which may have been due to digestive 
action, or possibly handling damage. In Eurytemora 
velox and Euterpina acutifrons the eggs tended to 
remain in a group, closely associated with the female 
copepod exoskeleton. In Eurytemora a/finis, Pseudo-
ea/anus elongatus and Corycaeus anglicus, eggs were 
individually scattered through the faeces (Fig. 2a, b) . 
In Oncaea venusta the eggs remained within the egg 
sacs although separated from the females. 
A comparison of the mea n number of eggs carried by 
live copepod females, with the mean number associ-
ated with female exoskeletons of the same species in 
the faeces, showed that there was a reduction in num-
ber on egestion for aU species (Table 1). This reduction 
was variable between species. The percentage of 
Euterpina aculifrons eggs recovered after passing 
through the intestinal tract was 93.6 %, while that for 
Pseudocalanus elonga tus was 20.5 %. Because Oncaea 
venusta did not always have paired egg sacs and as 
there were so few observations on this species, it was 
not possible to calculate the number of eggs per female 
in the faeces. Their egg sacs were not broken down by 
digestion, so it is possible that all their eggs could be 
recoverable from the faeces. 
Viability of the eggs of Eurytemora affinis, E. velox 
and Euterpina acutifrons from faeces was similar to the 
7 
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F1g. I. Scophthalmus max1mus. Tune mterval between feed-
mg on egg-carrymg copepods and LLme of eggs fust appear-
mg in the fa eces of turbot larvae aged 23 to 76 d . for 
25 md!v1dual experiments 
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viability of their fresh eggs. In contrast, the viability of 
egested eggs of Pseudocalanus elongatus and Oncaea 
venusta was reduced to 1.1 and 1.5% respectively, 
while all the eggs of Corycaeus anglicus were inviable. 
Small numbers of eggs of free-spawning copepod 
species were recovered from the faeces. Of 4 Temora 
Iongicom is eggs (80 to 82 ].UTI diameter) recovered, 
50% hatched and of 9 Acartia c/ausil eggs (75 to 82 ).lm 
diameter), 55% hatched. 
It was difficult to make internal microscopic observa-
tions on eggs with dark egg membranes. Pseudo-
ea/anus e/ongatus egg membranes are clear and. on 
egestion eggs had changed colour from pale golden to 
light orange and some contained globules of oil. ln 
most cases cells could not be distinguished internally. 
Faeces were left to decompose a t 16 •c. Alter 3 d, 
when ciliate numbers had built up, there was evidence 
of the membrane starting to be broken down. The 
faeces break off as they are produced so the faecal 
membrane does not usually cover the ends of the 
faeces. Nauplli hatching out from eggs located close to 
the ends were seen to escape from the open ends. 
However, other nauplli hatching out further within the 
faeces appeared to be trapped and dying there . 
There was no suggestion that digestion was at any 
time impaired, as copepods in the faeces were reduced 
to exoskeletons and larvae grew continually and well . 
As confirmation of these observations, histological sec-
lions of whole larvae used in the egg viability trials 
demonstrated that the entire digestive tract and its 
associa ted glands (liver and pancreas) were in excel-
lent condition. Large regular villi were present in the 
fore- and mid-gut regions, with masses of microvilli 
covering the luminal surface of the epithelium. All 
tissues were found to be healthy, in accordance with 
descriptions by McFadzen et al. (in press). 
Discussion. It is clear from the present study that a 
substantial proportion of the eggs of all copepod 
species examined are not digested by larval turbot. 
Histological observations demonstrated that the exper-
imental turbot larvae were in good condition, so diges-
tion resistance of copepod eggs could not be attributed 
to degeneration of the intestinal lining, which can 
develop within a few days in turbot larvae, following 
periods of low food intake, or starvation (McFadzen et 
al. in press). Resistance to digestion was not because 
the eggs were the thick-walled diapause type which 
some copepods, including Eurytemora affinis (Ban & 
Minoda 1991) and E. ve/ox (Champeau 1970), produce 
in response to environmental stress. This was con-
firmed by the short hatching time or <6 din a ll species. 
There was also no suggestion that digestion of eggs 
was affected by variations in gut retention lime. Euter-
pina acutifrons had the longest passage time (6.5 h), 
yet eggs were not digested and mean number of eggs 
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Fig. 2. Scophthalmus maxunus. 
Faecal pellets of turbot larvae con-
taming (a) Eurytemora a/finis eggs 
(29 d larvae), x20, and (b) Pseudo-
calanus elongatus eggs (P), Col}'-
caeus anglicus eggs (Cj and oil 
globules (0) probably from P. elon-
gatus (29 d larvae), x 50 
a 
(... -
b 
, .. 
0 
per female in the faeces was closer to the fresh value 
than for any of the other species. The wide variations 
observed in gut passage time of copepods may have 
been due to fluctuations, between collections, in the 
size structure of the mixed, natural zooplankton sup-
plied as food, since larger food organisms pass through 
the intestinal tracts of larval fish slower than smaller 
ones (Karjalamen et al. 1991). 
There was no evidence that the considerable dis-
crepancy in number of eggs per female copepod in the 
faeces compared with the number carried by females 
before ingestion, for Pseudocalanus elongatus and to a 
lesser extent Corycaeus anglicus and other species, 
was due to the eggs being digested, but may arise 
from them being discarded or separated from females 
during capture and ingestion, which particularly ap-
peared to be the case in P. elongatus. In addition, the 
faeces break off as they are produced and eggs may be 
lost from the open ends . 
There are periods during copepod egg development 
when they may be especially susceptible to digestion, 
particularly when they are first extruded. In Ca/anus 
helgolandicus the egg emerges from the geni tal pore 
like a drop of fluid and within 5 rn.in, once membranes 
develop, becomes round (Marshall & Orr 1955, 
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authors ' pers. obs.) . A similar process has been 
described in Pseudocalanus elongatus (Corkett & 
McLaren 1978). Eurytemora velox eggs may be ex-
truded at a more advanced stage of encapsulation 
compared to the species above, as when observed 
within the oviducts were already spherical. It has also 
been suggested that late development eggs may be 
more vulnerable to digestion due to osmotic effects of 
digestive fluids causing nauplii to be liberated (Red-
den & Daborn 1991). 
Copepod egg membranes are considered to be 
largely composed of chltin (Marshall & Orr 1954), 
which is not, at least substantially, digested by larval 
fish (Conway et al. 1993) . As the egg membranes form 
an unbroken barrier, enzyme penetration must depend 
on enzyrnatic or mechanical disruption . Kono et al. 
(1987) demonstrated chitinolytic enzyme activity in 
egg and larval stages of sea bream Pagrus major and 
Lindsay (1985) from the late yolk-sac stage onwards in 
trout Sa/mo gairdneri, although the importance of its 
role in digestion has yet to be established. The tough 
outer membrane of eggs and their spherical shape ren -
ders them relatively res1stant to mechanical disruption, 
though some fish larvae. such as mackerel Scomber 
scomber, have a well developed set of teeth on the 
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jaws and develop teeth from an early age (Russell 
1976), which could be used to puncture food . One 
of the few reports of fish larvae disrupting their prey 
during ingestion was in Coregonus lavaretus (Rosch & 
Segner 1990). 
Eggs can form on average 29 % of the dry weight 
biomass of adult female Eurytemora velox (Conway et 
al. 1993) and 13 to 53 % for E. herdmanni (Crawford & 
Daborn 1986) so non-digestion of eggs can represent 
a considerable loss of potentially valuable food . Fish 
larvae which cannot digest the eggs of ingested egg-
carrying copepods will still obtain nutrition from the 
copepod. However, it is of great interest to know if first 
feeding larvae, whose limited swimming ability and 
jaw gape restricts them to easily caught small prey, are 
able to digest eggs of copepods which are free-
spawned, such as Calanus helgolandicus and C. 
finmarchicus. These species can dominate the copepod 
zooplankton biomass in the North Atlantic region 
(Williams & Conway 1988) and in some areas their 
large eggs (approximately 140 to 180 llflll can be a 
major primary food source in the diet of early larval 
fish, often of important commercial species (Bain-
bridge & McKay 1968, Bjorke 1978, Conway 1980, 
Kane 1984, Economou 1991). Survival and recruitment 
of these larvae could be influenced if they were unable 
to digest copepod eggs. 
From gut content analysis of early larval (3 to 7 mm) 
blue whiting Micromesistius poutassou, the diet com-
prised by number 29 % Calanus finmarchicus eggs 
(Con way 1980), the majority showing no evidence of di-
gestion. In contrast there are several reports, from a 
range of larval fish species including cod Gadus morlwa 
and haddock Melanogrammus aeglefinus (Kane 1984), 
redfish Sebastes spp. (Bainbridge & McKay 1968) and 
herring Clupea harengus (Bjorke 1978), detailing ob-
servations on digestion of Calanus spp. eggs. It is possi-
ble that only certain fish larvae can digest cope pod eggs 
and perhaps only from particular species. 
There was a range of viability of fresh eggs be tween 
copepod species. This was not large between most 
species (84 .8 to 95.4 %), apart from Euterpina acu-
tifrons (68.6 %). The low viability in E. acutifrons does 
not necessarily mean that the eggs had not been fertil-
ized, since large seasonal fluctuations in individual 
copepod species hatching success can occur (lanora et 
al. 1992). The response of eggs to digestive action, as 
measured by their viability on egestion, separated the 
copepods into 2 groups . Eggs of E. acutifrons, Eury-
temora affinis and Eurytemora velox retained a high 
viability, similar to results obtained by Redden & 
Daborn (1991) de rived from feeding experiments on 
Eurytemora herdmanni. The viabihties measured for 
Pseudocalanus elongatus. Oncaea venusta and Cory-
caeus anglicus eggs showed they are considerably less 
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resistant. It was clear by the appearance of P. elongatus 
eggs on egestion that the high loss of viability in this ' 
species was because cells of most eggs were being dis-
rupted by digestive action, while the egg membrane 
remained intact and the contents apparently not 
removed. 
The reasons for the interspecific variation in egg via-
bility following gut passage are not known, but are 
presumably related to a combination of differences in 
the structural composition of the egg membranes and 
osmotic tolerance of the internal cells. The eggs of the 
euryhaline species Eurytemora amnis and E. velox 
may be pre-adapted to surviving the osmotic stress of 
gut passage because of their wide salinity tolerance. 
Eggs of Temora longicomis and Acartia dausi may also 
be adapted to withstand environmental stress. These 
species have been shown to produce resting, as 
opposed to diapause, eggs, which remained viable 
within bottom sediments and still hatched after a year 
(Lindley 1990). Lindley (1992) found differences 
between formalin preserved eggs of A cartia and 
Temora spp. and those of Pseudocalanus and Calanus 
spp. Eggs of the former 2 species did not take up stain 
and also did not respond as conspicuously to osmotic 
stress as the latter 2 species, suggesting differences 
between them in the structure of the egg membranes. 
Retention of a high viability in egested eggs of some 
of the copepod species has implications for copepod 
survival, since egg-carrying species have been shown 
to be selected by fish larvae, the eggs increasing their 
profile and hence vulnerability (Bollens & Frost 1991 ). 
However, an unknown proportion of nauplli from 
hatching of faecal eggs may not escape the faeces. The 
proportion escaping will depend on how rapidly the 
faecal membrane breaks down under natural condi-
tions. Faeces probably sink very rapidly, as has been 
shown for adult fish faeces (Robison & Bailey 1981). 
and many nauplli may not survive. 
Acknowledgements. We thank A. Barbour and W. Cleeve of 
Golden Sea Produce Ltd for supplying experimental material , 
D. J . Lesley for provision of phytoplankton cultures, P. H. 
Bramhall for carrying out imtial trial experiments and S. H. 
Coombs for helpful comments on the manuscript. Finance for 
this study has been provided in part by the U.K. Mmistry of 
Agriculture Fisheries and Food (MAFF) under contract G CA 
10, and by the U.K. Depa rtment of the Environment (DoE) 
under contract PECD 717/359. 
LITERATURE CITED 
Alvarez-Cade na . J. N. 1 t993). Feeding of the chae tognath 
Sagitta elegans Vernll . Estuar. coast. Shelf Sci. 36: 
195- 206 
Bainbndge , V., McKay. B J. (\968). The feeding of cod and 
redflsh larvae. Spec. Pubis in t. Cornmn NW Atlant. Fish. 7· 
187- 217 
Conway e t al. : Digestion of copepod eggs by larval turbot 309 
Ban. S., Minod~. T. (1991). The effect of tempera ture on the 
development and hatching of diapause and subilaneous 
eggs in Eurytemora affinis (Copepoda: Calanoida) in Lake 
Ohnuma, Hokkaido, Japan. Bull. Plankton Soc. Japa n. 
Spec. Vol.: 299-308 
Bennell, H. S .. Wyrick, A. D .. Lee. S. W .. McNeil, J . H. (1976). 
Science and art in preparing tissues embedded in plastic 
for light microscopy, with special reference to glycol 
methacrylate, glass knives and simple stains. Stain Tech-
nol. 5 1: 71-97 
Bjorke , H. (1978). Food and feeding of young herring larvae of 
Norwegian spring spawners. FiskDir. Ser. Havunders. 16: 
405- 421 
Bollens, S. M., Frost, B. W. (1991). Ovigerity, selective preda-
tion, and variable diet vertical migration in Euchae/a e/on-
galii (Copepoda: Calanoida) . Oecologta 87: 155-161 
Champeau, A. (1970). Etude de la VIe latente chez les 
Calanoides (Copepodes) caracteristiques des eaux tempo-
raires de Basse-Provence. Annls Fa c. Sci. Marseille 44 : 
155- 189 
Conway, D. V. P. (1980). The food of larval blue whiting, 
MicromesisUus pou/assou (Risso), in the Rockall area. 
J . Fish. Bioi. 16: 709-723 
Conway. D. V. P., Tranter, P. R. G .. Coombs, S. H. (1993). 
Digestion of natural food by larval and post-larval turbot 
Scoph!halmus maximus. Mar. Ecol. Prog. Ser. 100: 
221-23 1 
Conway, D. V. P., Tranter, P. R. G. , Fernandez de Puelles, 
M. L. , Coombs, S. H. (1991). Feeding of larval sprat (Sprat-
Ius sprattus L.) and sardine (Sardina pilchardus Wal-
baum). Cornm. Meet. int. Coun . Explor. Sea C.M.-ICES 
1991/L: 76: 1-15 
Corkett, C. J ., McLaren, I. A. (1978). The biology of Pseudo-
ea/anus. Adv. mar. Bioi. 15: 1- 231 
Crawford, P., Daborn, G. R. (1986). Seasonal variations in 
body size and fecund.ity in a copepod of tu rb id estuaries. 
Estuaries 9: 133-141 
Economou, A. N. (1991). Food and feeding ecology of five 
gad01d larvae in the northern North Sea. J . Cons. mt. 
Explor. Mer 47: 339-351 
lanora. A. Mazzocchi, M. G ., Grolloti, R. (1992). Seasonal fluc-
tuations in fecundity and hatching success m the plank-
tonic copepod Centrop ages typicus. J . Plankton Res. 14: 
1483- 1494 
Kane. J . (1984). The feeding habits of eo-occurring cod and 
haddock larvae from Georges Bank. Mar. Ecol. Prog. Ser. 
16:9-20 
Kar]alainen, J ., Koho, J .. Viljanen. M. (1991). The gastric 
evacuation rate of vendace (Coregonus albula L.) larvae 
predating on zooplankters in the laboratory. Aquacullure 
96: 343- 35 
Kellerman, A. (1990). Food and feeding dynamics of the larval 
Antarctic fish Noto!henopsis larseru. Mar. Bioi. 106: 
159- 167 
Kono, M .. Furukawa, K., Satoh, H., Matsui. T., Shimizu, C. 
(1987). Changes in the chitinase activity at dtfferen t stages 
of red sea bream Pagrus major egg, larva, and juvenile. 
This note was subfTillled to the editor 
46 
Nippon Suisan Gakk. 53: 1289- 1293 
Lindley, J . A. ( 1990). Distribution of overwintering calanoid 
copepod eggs in sea-bed sedime nts a round southern 
Bntam. Mar. Bioi. 104: 209-217 
Undley, J . A. (1992). Resista nt eggs of the Centropagoidea 
(Copepoda: Calanoida) : a possible preadaption to colo-
mzatton of inland waters. J . Crust. Bioi. 12: 368-371 
Lindsay, G. J. H. (1985) . Development of gastric chitinase 
activity in trout (Salmo gairdnen) . Aquaculture 48: 
285-290 
Marcus, N. H. (1984). Recruitment of copepod nauplli into the 
plankton: importance of diapause eggs and benthic 
processes. Mar. Ecol. Prog . Ser. 15: 47-54 
Marshall, S. M., Orr, A. P. (1 954). Hatching in Calanus fin-
marchicus and some other copepods. J . mar. bioi. Ass. U.K. 
33: 393-401 
Marshall, S. M .. Orr. A. P. (1955). The biology of a marine 
cope pod. Oliver & Boyd, Edinburgh 
McFadzen, I. R. B., Lowe, D. M., Coombs, S. H. (in press) . His-
tological changes in starved turbot larvae (Scopbthalmus 
maxim us) quantified by digital image analysis. J . Fish Bioi. 
Nakata, K. (1988) . Alimentary tract conte nts and feeding con-
ditions of ocean-caught post-larval Japanese sardine, 
Sardinops melanosUctus. Bull. Tokai Reg. Fish. Res. Lab. 
126: 11 -24 
Proctor, V. W., Malone, C. R., DeVlaming, V. L. (1967). Dis-
persal of aquatic organisms: viability of dissemmules 
recovered from the intestinal tract of captive killdeer. 
Ecology 48: 672-676 
Redden, A. M., Daborn, G. R. (1991). Vtability of subilaneous 
copepod eggs following fish predation on egg-carrying 
calanoids. Mar. Ecol. Prog. Ser. 77: 307-310 
Robison, B. H., Bailey, T. G. (1981). Sinkmg rates and dissolu-
tion of midwater fish fecal matter. Mar. Bioi. 65: 135-142 
Rosch, R .. Segner, H. (1990). Development of dry lood for lar-
vae of Coregonus lavaretus L. I. Growth, food digestion 
and fat absorbtion. Aquaculture 91 : 10 1- 115 
Russell , F. S. (1976). The eggs and planktomc stages of Bntish 
marine fi shes. Academic Press, London 
Schnack, D. (1972). Nahrungsokologische Untersuchungen 
an Heringslarven. Ber. dt. wiss. Kornmn Meeresforsch. 22: 
273 - 343 
Tully, 0 ., 0 Ceidigh. P. (1989). The ichthyoneuston of Galway 
Bay (west of Ireland). 11. Food of post- larval and juvenile 
neustonic and pseudoneustonic fish . Mar. Ecol. Prog. Ser. 
51 : 301 - 310 
Viiias, M. D. (1991). Feeding ecology of Engraulis anchoita 
first feeding larvae in a tidal mixed front off the Valdes 
Peninsula (Argentina). Cornm. Meet. int. Coun. Explor. 
Sea C.M.-fCES 1991/L: 83: 1- 19 
Williams, R., Conway, D. V. P. (1988). Vertical distribution and 
seasonal numerical abundance of the Calanidae in 
oceanic waters to the south-west of the Bri tish Isles. 
Hydrobtologia 1671168: 259 - 266 
Zismann, L., Berdugo, V., Kimor. B. (1975). The food a nd feed-
ing habits of early stages of grey mullets in the Haifa Bay 
regton. Aquacullure 6: 59- 75 
/'vlanuscnpt first received: December 8, 1993 
Revised vemon accepted: January 25, 1994 
Authors declaration Paper 11 
Conway, D.V.P., McFadzen, I.R.B., Tranter, P.RG. (1994). Digestion of copepod 
eggs by larval turbot Scophthalmus maximus and egg viability foUowing gut 
passage. Marine Ecology Progress Series, 106: 303-309. 
D .V.P. Conway carried out the experimental work, sample analysis, data interpretation 
and preparation ofthe manuscript to 95% ofthe total effort. 
I.R.B. McFadzen !6/>/0YJ -
P.R.G. Tranter 
47 
Paper Ill 
Conway DVP, Coombs SH, Femandez de Puelles M., Tranter PRG (1994) 
Feeding of larval sardine Sardina pilchardus (Walbaum) off the north 
coast of Spain. Bol Inst Esp Oceanogr 10: 165-17 5 
48 
Bol. /rut. Bp. Oceanogr. 10(2). I 994: I 6 5- I 7 5 
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ABSTRACT 
In April and May I 99 I and between March and June I 992 data regarding the diet 
of larval (4-24 mm) sardine, Sardina pilchardus (Walbaum), in relation to food avall-
abi/il_'y wru gathered off the north corut of Spain aJ part of a study on larval conditions 
and mortality. Interpretation of multJ lJ cumpromued by the tendmcy of sardine larvae 
to defecate their gut contents during samplmg. The most common food organums ir1 the 
gutJ (78-89 %) were the droelopmeutal stages of copepodJ (eggs, naupli1 and copepodites). 
Percentage composition of copepod nauplir in the diet decrerued wtth increruing larval 
s1u, while copepodites increrued. The largest larl'Qe sttll consumed a high proportwn of 
small food particles. There wru no consistent relationship between food avat!abiilty and 
feedmg succeJS, probably because fadlllg condJtwns were geuerally adequate. However, 
in May 1992, when food availabt!tt_) u·ru CUIIJtJtmtly lowest, the nutntwnal condition of 
larvae WaJ also lowest, provid1ng a it nit between these tu•o factors. 
Kry words: Sardine larvae, feeding, copepods, defecation, northern Spain. 
RESUMEN 
Alimentacion de las larvas de sardina, Sardina pllchardus (Walbaum), en la 
costa norte de Espai\a. 
Durante Los mew de abnl y ma)'O de 1991 y entre m a no y JUillo de 1992 se mves-
ttg6 la d1eta de lru larvru ( 1-24 mm1 de Sardina pilchardus (Walbaum) m la costa nor-
le de Espaiia, y se compar6 con el ahmento dispo111ble m el medw 11atural. El objetivo 
prillcipal fue relacionar la ailmentac,6n cu 11 la co11dwon larvana _) su mortaildad. La ten · 
dmcw de lru larvru a expul.sar el co nte111do estomacal durante el muestreo ha hecho dl-
j{Cil stn embargo la mterprelaC16n de Los multados obtemdos. El altmmto mti.s comun m 
el est6mago (78-89 %) fue el de dutmtos estadws de coplpodos (huroos, naupilos _Y cope-
podllos). En la duta, el porcmlajt de nauplws de copipodos dismii!U}O a/ aumer1tar t?l 
tamaiio de [as larvru, mtmtrru que el porcenlajt de copepod1tos aummt6; lru larvru ma-
yom tamb1in coruumuron una propom611 eln:ada de pequeiiru particulru de ahmento 
No u mcontr6 relac16n alguna mtrr la dispontblildad de al1mento) el ix1to ailmentiCw. 
probablemente deb1do a que lru cond1Cio11es de ailmmtaCI6n fueron gweralmmte ade-
cuadas. En mayo de 1992, s1r1 embargo. cuando la duporublitdad de ailmerllo fue bru-
tantt mmor, lru conduwnes nutrwonales de lru lan·ru tamb1in futrol! peorts, obtelllin-
dose a.s( una conex16n entrt estos dos Jactores . 
Po.Wras clavt': Larvas de sardina. alimemacion, copepodos. defecacion. none 
de Espai\a. 
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INTRODUCTION 
The sardine, Sardina pilchardw (Wal-
baum), is an important commercial fish 
species in the coastal waters of northern 
Spain (Robles et al., 1992); consequently, 
annual fluctuations in recruitment are 
of considerable social and economic 
consequence. 
As part of a European Sardine Anchovy 
Recruitment Project (SARP), a series of re· 
search cruises were carried out in 1991 and 
1992 off the northern coast of Spain (LO· 
pezjamar et al. , submitted) to investigate 
factors affecting survival of sardine larvae. 
One aspect of the program was an investi· 
gation of larval condition (McFadzen et al., 
in prep.) and of how this was related to en· 
vironmental variables and subsequent mor· 
tality. It is generally considered that food 
availability is one of the major factors af. 
fecting larval fish survival (Buckley and 
Lough, 198 7) and it has been shown expe· 
rimentally that food deprivation rapidly in· 
creases mortality in sardine larvae (Silva 
and Miranda, 1992). A knowledge of the 
diet and prey selectivity of larval sardine 
is thus required in order to assess food 
availability in the plankton. 
A preliminary description of the diet of 
D. V. P. Conu·ay et al. 
sardine larvae, from sampling on a cruise 1 
off northern Spain in 1991, has been given, 
by Con way et al. ( 1991 ). The present study 
extends this work with results on the diet 
of sardine larvae and food availability from 
further sampling on a series of cruises in 
1992. 
MATERIALS AND METHODS 
Sardine larvae were collected in zoo· 
plankton samples taken during five cruises 
off the north coast of Spain in April/May 
1991 and between March and June 1992 
(table 1). On each cruise a grid of plankton 
stations was worked, based on a sample 
spacing of 8 nautical miles along transects 
out from the coast. For comparative pur· 
poses stations have been grouped in three 
areas, namely off La Corui\a, Gij6n and 
Santander (figure 1 ), based on hydrogra· 
phic regimes and larval aggregations. Sam· 
pling at each station was carried out using 
slow speed (-- 2 knots), 40 cm or 72 cm 
diameter mouth aperture bongo net tows 
(200 or 280 J.lm mesh) fitted with partial-
filtering style of cod-ends to minimize 
sample damage. Sampled depth was to ap· 
proximately 1 00 m, or within about 5 m 
Table I. Sampling and analysis details. 
Vessel Sampling dates Sampling N." stations larvae N.' larvae N.' stations analYled 
area examined from examined for zooplankton 
B. 0 . Corrude de Saat•edra I 7 April· I! May 1991 La Comi\a 16 163 4 
Gij6n 17 131 .. 
Santander 9 7 I 3 
B. 0 . Cornuie de Sam:rdra 6·18 Marc h 1992 La Comi'la 7 64 4 
Gij6n 3 44 3 
Santander 10 78 .. 
B. 0 . Cornuie de Saavedra 1·13 April 1992 La Conu'la 7 j l 4 
Gij6n 6 j 6 2 
Santander 14 85 j 
F. S. Valdwia 10·21 May 1992 La Comiia 25 232 4 
Gij6n 10 19 4 
Santander 9 69 4 
R. R. S. Challmger 26 May·6 June 1992 La Comiia 12 U l 30 
Gij6n 6 80 16 
Santander 10 9j 23 
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Figure I. Sampling area off the north coast of Spain showing the three areas used for data analysis and position 
of standard stations for all the cruises. 
off the bottom in shallower water. Water 
flow through the nets was measured by 
means of a flowmeter fitted to one side of 
the nets, and maximum depth sampled 
was recorded by a depth recorder at· 
tached to the sampler frame. Following the 
haul, the fresh sample was emptied into a 
glass tray and sardine larvae for gut con· 
tents analysis was sorted into glass vials 
containing 4 % borax buffered formal-
dehyde solution. Specimens ranged in size 
from 4 mm to 24 mm; all are here termed 
as larvae. 
Subsequent analysis was based on at 
least 10 larvae, when available, from each 
station (table 1). Each specimen was mea· 
sured (standard length) under a dissecting 
microscope fitted with an eyepiece micro-
meter, no allowance being made for shrink-
age. The complete gut was then detached, 
opened and all contained organisms coun· 
ted. identified to the taxonomic level as al-
lowed by their condition, and a proportion 
measured for length and width. Brief 
notes were also kept of the state of diges-
tion of the organisms. 
Data were analyzed by larval size, separa· 
ted into three length ranges < I 0 mm, 
I 0-15 nun and > 15 mm. The number of Jar-
5l 
vae examined in each area is given in table 
l and over the 2-t-hour period for all cruises 
combined is given separately for each of the 
three larval size ranges in figure 2. A total 
of l 4 29 larvae were examined, comprising 
751 larvae <lOmm in length, 545 larvae 
10-15 mm and 133 larvae > 15 nun. Inci· 
dence of lan:al feeding was calculated as the 
percentage of lan·ae in which food was ob-
served, irrespective of the quantity present. 
Incidence of food occurrence in the guts was 
calculated as the percentage of larvae in 
which at least one specimen of the target or· 
ganism was observed. 
Estimates of food availability in the 
plankton were obtained from micro· 
zooplankton sampled concurrently with 10 cm 
diameter mouth aperture bongo nets (53 Jlm 
mesh), fitted on one side with a flowmeter 
and attached to the towing wire above the 
main nets. These samples were preserved 
in 4 % formaldehyde solution and a repre· 
sentative selection from each area subse· 
quently analysed (table I) and counted for 
the organisms identified from the gut con· 
tents analysis as being most important in 
the diet of sardine larvae (i.e. copepod 
eggs. nauplii and copepodites with a 
< 0.9 mm cephalothorax length). 
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Table 11. Percentage food composition and incidence, all cruises comuined. 
% Composition % Incidence 
< IOmm 10·15 mm > 15 mm < IOmm 10· 15 mm >15mm 
Calanus helgolandicUJ 1.5 
ParafPswdofCiausocalanus spp. 1.4 6.2 
Acart10 spp. 1.2 7. 7 
Centrapagts spp. 0.3 
Ollhona spp. 2.2 4.1 
Oncaea sh p. 0.9 
0.2 M icrosett la ~f' 
Unidentifie copepods 4.1 13.9 
Cope pod eggs (-55 j..lm dia.) 0.2 0.6 
Cope pod eggs ('- 7 3 j..lm dia.) 5.8 1.8 
Copepod eggs (-92 j..lm dia.) 0.9 
Cope pod eggs (- 110 j..lm dia.) 0.6 
C. htlgolandicw eggs (- 183 j..lm dia.) 2.2 8.6 
Copepod nauplii 60.8 42.3 
Unidentified invertebrate eggs 0. 7 
Euphausiid calyptopis 0.2 
Evadne sp. 
Limacina ~F' 0.2 
Gastropo larvae 
Lamellibranch larvae 0.2 
T int inn id 5.5 
Rotifer 0.2 
Pmdinwm sJ' 0.2 
Unidentifie remains 14 .4 
Total feeding larvae 
Mean n." organisms/ feeding larvae 
RESULTS 
Composition of gut contents 
Food organisms were generally located 
at the distal end of the hind·gut, some 
times protruding from the anus. On two occa· 
sions only was food found in the fore·gut. 
The majority of food items taken by the 
three size ranges of larvae were the cope· 
podite (9·44 %), nauplii 30·61 %) and egg 
(8- 12 %) stages of copepods (table II, figure 
3). Copepodites were usually observed only 
as their remaining exoskeletons, making it 
difficult to discriminate between the deve· 
lopmental stages of superficially similar ge· 
nera such as Paracalanus, Puudocalanus and 
Clausocalanus. This was the most common 
copepodite group in the diet, especially in 
1.2 
0.3 
0.3 
8.9 
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2.0 3.2 4.2 
30.0 2.8 9.6 25.0 
2.0 0.9 11.5 4.2 
0.6 
4.0 2.8 7.6 8.3 
2.0 1.9 4.2 
0.5 
4.0 7.4 15.9 12.'5 
0.5 0.6 
8.3 1.3 
0.6 
1.3 
8.0 3.2 7.0 16.7 
30.0 60.4 50.3 45.8 
2.0 1.4 2.5 4.2 
0.5 0.6 
2.0 4.2 
0.5 
0.6 
0.5 
2.8 
0.5 
0.5 
14.0 28. 1 18.5 25.0 
2 17 157 24 
1.9 2.2 2. 1 
larvae > 15 mm in length (30 % of compo-
sition). Nauplli were numerically the most 
common organism in the diet, their per-
centage composition dropping with in-
creased larval size. The largest and most 
frequently encountered copepod eggs (ap· 
proximately 183 Jlm diameter) were of Ca-
lanus helgolandicus, copepodites of which 
were taken in low numbers (approximate· 
ly 2 o/o of com posi tio n ) fro m la rvae 
> 10 mm. These are freely-spawned eggs 
and hence were inges ted individually. 
Other copepod eggs could be separated 
into discrete size groups and were proba· 
bly from individual copepod species, but 
because of the high copepod species diver-
sity in this region, they could not be posi-
tively identified. Eggs were usually present 
in the absence of female copepods, sug· 
gesting they were free-spawned rather than 
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Figure 3. Percentage composition of copepod eggs, nauplii and copepodites in the diet of the three length ran· 
ges (< 10 mm, 10-15 mm and > 15 mm) o f lan·ae. 
carried eggs. Very rarely were the egg 
membranes disrupted due to digestion. 
The unidentified invertebrate eggs (table 
11) were most probably of euphausiids or 
chaetognaths. Tintinnids made up 5.5 o/o of 
the dtet in larvae < 10 mm, although this 
0.6 
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E 0.4 
E 
..c 
"0 0.3 ... ~, 
!: ... .. ' ... 
>. 
<ll 
lo... 
value was inflated due to a small number 
of larvae containing high numbers of these 
organisms. Other identifiable zooplankton 
organisms had a general low incidence in 
the diet ( 1·2 %). The only phytoplankton 
material which was identifiable was low 
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are !Tom Blaxter ( 1969). 
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numbers of the dinoflagellate, Peridinium 
spp. Unidentifiable remains constituted a 
substantial proportion (9-14 o/o) of the food, 
usually consisting of amorphous material 
which may have also contained some phy· 
toplankton remains. 
Incidence of food particles and 
prey size 
A similar pattern in the incidence of 
food items in the diet was observed as for 
the composition of the diet (table 11). The 
incidence of copepodites increased with 
larval size, constituting 9.1 o/o of the diet in 
larvae < 10 mm in length, 34.6 o/o in larvae 
of 10-15 mm and 44 o/o in larvae > 15 mm 
in length. The largest copepodites (e.g. Ca-
lanus helgolandicus) were restricted to the 
largest larvae. While incidence of nauplii 
remained high in the diet of larger larvae, 
their importance in the diet (i.e. proportion 
of the gut contents) was reduced, indica-
ting that larger larvae fed on smaller num-
bers. In contrast, C. helgolandicus eggs were 
mostly consumed by larvae > 1 0 mm in 
length and also formed a greater propor-
tion of the diet of these larger larvae. 
As an example of the change in size of 
food particles with increasing larval size, 
width measurements from 110 food items 
taken by sardine larvae in May 1992 are 
plotted in figure 4, together with sardine 
jaw gape measurements from Blaxter 
( 1969). With increase in larval size the max· 
imum width of food particles increased. 
There was no direct relationship between 
width of food consumed and larval size, 
due to larger larvae continuing to feed on 
a high proportion of small particles such as 
copepod eggs and nauplii. 
Diurnal feeding patterns 
Food was found in larvae at all times o f 
the day, but with a clear reduction be-
tween about 00:00-04:00 hours (figure 2b). 
During the period of darkness, occasional 
completely undigested organisms were 
found, suggesting they had been newly in-
gested. There was increased feeding inci-
dence following dawn, around 06:00-08:00 
55 
hours; and again in the afternoon, between 
14:00-18:00 hours. At most times a lower ' 
percentage of larvae > 15 mm had food in 
their guts than smaller larvae. 
As an indication of the intensity of feed-
ing at different times of the day, the mean 
number of food items per feeding larva is 
plotted in figure 2c. The mean numbers of 
particles per larva was mostly < 2 for all 
larval lengths. The number of particles 
showed little diurnal variation in larvae 
< 15 mm. The greater variation in larvae 
> 15 mm may be related to the smaller 
number of this group examined. The pro-
minent peak at 20:00-22:00 hours was due 
to an individual larva > 15 mm in length 
containing many ParajPseudojClausocalanus 
copepodites. 
Differences between areas in food 
availability, food selection and 
feeding success 
Results from microzooplankton analysis 
(table Ill) showed little d ifference in avail-
ability of suitable food between areas dur-
ing each cruise. Copepod nauplii were the 
most abundant organism (2.4-17.3/l), fol-
lowed by copepodite stages (2.3-7 7 .Oj l). 
The greatest differences in food availabili-
ty was between cruises. Highest numbers 
of Calanus helgolandicus eggs were sampled 
in ApriljMay 1991 , although they were 
present during all cruises in low numbers 
(< 0.4 / l). On the basis of the micro-
zooplankton sampling, food availability 
was highest in May /June 1992 and lowest 
in April j May 1991 and May 1992. 
The mean number of particles con-
sumed per feeding larva by areas and cruises is 
also gi\'en in ta5le lll. Most Calanus hPigo-
landicus eggs were consumed durin g cruis-
es from late April to June, especially o fT La 
Con.u1a and Santander. In most instances. 
nauplii formed the highest proportion of 
the gut contents. In individual cruises the 
number of panicles taken per la\'a tended 
to be lower off Santander. 
Only off Santander was there any e\·i-
dence of an increase in feeding incidence 
with increase in amount of available suit · 
able food; in other areas the relationship 
17 2 D. V. P. Conwa.y et al. 
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Table Ill. Availability of organisms suitable as food in the plankton of each area and mean number of the same 
o rganisms per feeding larva. Standard errors of the means are given, except where large numbers of zero data' 
values invalidate this procedure. Copepodite measurements are cephalothorax length. 
C. hrlgolandicw C. helgolandiCUJ Nauplil. St. Nauplu. Copepodites St. Copepodites 
eggs. Mean eggs. Mean n."jlarva Mean n."Jl error Mean < 0.9 mm error <0.9 mm 
n."Jl 
La Conu1a 
AprilJMay-91 0.4 0.1 
Mar-92 0. 1 
Apr-92 0.3 
May-92 0. 1 0.2 
May /June-92 0. 1 0.1 
Mean 0. 1 0.1 
Gijon 
ApriljMay-91 0.3 
Mar-92 
Apr-92 
May-92 0.1 
May /June-92 0. 1 0.1 
Mean 0. 1 < 0.1 
Santander 
ApriljMay-91 0.2 
Mar-92 
Apr-92 0.1 
May-92 0. 1 0.3 
May Jjune-92 0. 1 0.6 
Mean 0. 1 0.2 
was erratic (figure 5). The percentage of 
larvae with food varied from 18-52% 
among the three areas over the five crui· 
ses. Percentage feeding values ofT La Co· 
runa and Gij6n were similar within each 
cruise, while ofT Santander values were ge· 
nerally highest (32-52 o/o). In March 1992 
the percentage feeding was highest in all 
three areas and with the values most close· 
ly grouped (44·52 %). 
DISCUSSION AND CONCLUSIONS 
The low proportion (2 7. 8 o/o) of sardine 
larvae which contained food in their guts 
is typical both for clupeid larvae examined 
from preserved plankton samples and for 
other larval fish with straight intestinal 
tracts (Dheknik, 19 7 4 ). Last ( 1980) found 
that 23.7 % of herring and 26. 0 % of sprat 
larvae contained food , compared with a 
n."jlarn N."/ 1 Mean 
n ."Jlarva 
2.4 0.91 1.0 2.3 0.28 0.2 
7.6 2.24 1.8 3.9 1.22 0.2 
9.3 3. 79 1.2 4.8 0.82 0.8 
3.6 1.4 2 1.0 4.4 4.03 0.5 
17.2 2.83 0.6 5.6 1.34 0.3 
13.2 2 . .53 1.1 5.0 0.99 0.3 
3.4 1.76 1.8 3.0 0.62 0.5 
4.4 1.25 0.6 2.6 0.38 1.6 
6.3 0.01 1.1 5. 1 1.49 0. 7 
3.3 2.43 0.4 2.9 3.25 0.2 
17.3 3. 70 1.0 5.5 1.24 0.6 
11.4 3.07 1.2 4.4 0.92 0. 7 
2.8 1.61 1.0 6.4 2.23 0.3 
12.9 12.00 1.4 7.0 5.24 0.3 
5. 7 2.46 0.6 3.9 1.47 0.3 
4.4 2.80 0.1 2.6 1.41 0.6 
12.7 2. 7 7 1.0 6.3 1.46 0.5 
10.2 2.34 0.9 5. 7 1.10 0.4 
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mean of 64.3 % for all other non·clupeid 
species. The tendency of clupeids to eva· 
cuate food in response to the trauma of 
sampling is well documented Uune and 
Carlson, 1971 ; Kjilson et al., 1975; Hay, 
1981 ). Food may also be evacuated when 
live larvae are placed in preservative (Blax· 
ter, 1965) but, in survey material, clupeid 
larvae are invariably dead when retrieved 
from a plankton sampler, so that it is un· 
likely that further food expulsion will oc-
cur on preservation. In the present study, 
food was generally found in the hind-gut 
and towards the anus, suggesting that food 
was be ing defecated rather than regurgita· 
ted. The proportion of clupeids evacuating 
their food may be determined by sampling 
methodology (Hay, 1981 ). Fortier and Har· 
ris ( 1989), using pumped samples, found 
that only 1.2% of sprat (Sprattus sprattus) lar· 
vae contained food, while 58 o/o of net · 
caught samples (Con way et al., 1991 ) of the 
same species contained food. 
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Figure 5. Percentage of Sardllla pilchardw larvae with food in their guts (excluding larvae sampled between 00.00 
and 04.00 hours, when most had little or no food) by area: La Corui\a (fl). Gijon ~. Santander (+ ) for each 
cruise, separately for the three areas, plotted against the mean total number of esculent organismsfliter (Calarzw 
helgolandicus eggs, copepod nauplii and copepod copepodites with < 0.9 mm cephalothorax length). 
As larval fish grow they require and con· 
sume increasingly larger prey (Hunter, 
19 7 7; Theilacker and Dorsey, 1980), and a 
similar observation was recorded in the 
present study. While there was an increase 
in maximum size of prey, there was little 
increase in the numbers of prey, which is 
not typical of other studies (e.g. Last, 
1980). The mean number of particles per 
gut of feeding larvae was consistently low, 
generally <2, which may partially be a re· 
suit of defecation related to sampling and 
thus not a true reflection of feeding inten· 
sity. However, in laboratory experiments 
the greatest number of food particles 
found in sardine larvae ( 1 0-14 mm in 
length) was only 3 (Blaxter, 1969). 
A substantial proportion of small parti· 
des were consumed by larger larvae. For 
example, the percentage of copepod naup· 
lii in the diet decreased from 60.8 o/o to 
30.0 o/o with increase in larval size from 
< 1 0 to > 15 mm, and total copepod eggs 
remained relatively constant between 
8.0 o/o to 12.5 %. Feeding of larger larvae on 
relatively small organisms such as nauplii 
57 
is inefficient, since they will contribute re· 
latively less to the food biomass than a 
smaller number of large particles. The si· 
tuation for copepod eggs may be less sig-
nificant, since a substantial proportion of 
the smaller eggs may have been taken in· 
cidentally as egg sacs attached to adult fe· 
males. Other studies (Conway, 1980) have 
shown free-spawned eggs restricted to 
early fish larvae, possibly because they can 
capture these non-motile particles relative· 
ly easily, while older larvae feed on larger 
prey. Calanus spp. eggs, which are the most 
numerous free-spawned copepod eggs in 
the north Atlantic region, can be abundant 
in the diet of clupeid larvae (Bj0rke, 1978), 
but in the present study C. helgolandicus 
eggs formed only 2.2 o/o of the diet of lar· 
vae < 10 mm and surprisingly, a higher 
percentage (8 .0 o/o) in lar ge r larvae 
(> 15 mm in length), suggesting some ele· 
ment of selection. However, the resistance 
of copepod eggs to digestion by larval fish 
(Con way et al. , 1994) may prevent any sub-
stantial contribution being made by them 
to larval nutrition. 
IH 
In laboratory experiments with sardine 
larvae, Blaxter ( 1969) observed a feeding 
incidence of approximately 10 % for day· 
light hours, falling to 0 % at night and ris-
ing rapidly to around 30 % in the early 
morning. The feeding incidence values of 
the present study are considerably higher 
than these, but with a similar superim· 
posed diurnal cycle, corresponding to observa· 
tions on other clupeid larvae (Blaxter, 
1965; Blaxter and Hunter, 1982). However, 
the occurrence of occasional, obviously 
freshly ingested food in the guts of sardine 
larvae during the dark period suggests that 
some feeding may occur using senses other 
than vision (Govoni et aC 1983). 
Food concentrations in the range of 5-25 
particlesfl, as measured in the present 
study, are typical of integrated values 
down the water column in many areas 
where fish larvae are abundant (e.g. in the 
Irish Sea, Coombs et al. 1992, and ofT the 
coast of North America, Anhurs, 197 7); high· 
er concentrations occur at discrete depths 
due to vertical stratification and aggrega· 
tion in layers. Specifically, as part of the 
same SARP study ofT Spain, F emandez de 
Puelles, et al. ( 1993) and LOpez:Jamar et aL. 
( 1991) have shown vertical heterogeneity 
and coincidence of microzooplankton and 
sardine larvae in the upper 50 m of the wa· 
ter column. Thus, it may be that the lack 
of correspondence between food availabi-
Lity and quantity of food in the larval guts 
is due, in the present study, to food abun· 
dance being generally adequate, without 
sufficently low levels being encountered to 
lead to a reduction of food intake. 
The ultimate aim of the SARP study was 
to relate juvenile survival to oceanographic 
and biological conditions (e.g. food availa· 
bility) during larval development. McFad· 
zen et al. (in prep.) used histological crite-
ria as an index of larval, and hence juve-
nile survival, and identified larvae from the 
May 1992 cruise as being in consistently low· 
er nutritional condition than larvae from 
the other cruises. Similar results were ob-
tained using other measures of larval con-
dition (LOpezJamar et al., in press). Al-
though there is no clear relationship be-
tween the amount of food in the guts of 
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larval sardine and prey availability in the, 
plankton, the present study identifies food 
availability as being consistently lower in 
the May 1992 cruise than at other times. 
As such, these results provide a Link be· 
tween the nutritional condition of fish Jar· 
vae and food availability. 
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Ftsh eggs and larvae were analysed from 63 vertically stratified plankto n hauls in the 
Irish Sea and southern o rth Sea. The dominant species were sprat (Sprauus sprauus). 
dragonet (Callwnymus spp.). dab (Limanda limatula) and to a lesser exten! rocld ing 
species. sandeel (Ammod_r1es spp.). whiting (Merlang111s merlangus) and flounder 
!Pimicluhys j lesr1s ). There was linle difference between species in the vertical distribu-
tion o f either eggs or larvae. Most were concentrated in the upper 50 m of the water 
column . eggs in progressive ly increasing numbers towards the su rface a nd larvae with 
a sub-surface peak at a depth o f 10--15 m. The vertical distribution of eggs extended 
deeper in the water column than la rvae. possibly due to some combination of eggs 
being spawned deeper and thei r passive susceptibility to turbulent mixing. There were 
no significant differences between day and night distributions and under mixed or 
isothermal conditions. 
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Introduction 
In temperate neritic waters. the majority of pelagic 
marine fish eggs are spawned at sha llow depths (<50 m) 
and are neutrally or sl ightly positively buoyant (Sundby. 
1991 ). These attribute favo ur hatching in the more 
productive surface waters. However. in European 
shelf waters many fi sh pecies spawn ea rly in the year 
(Ha rding a nd ichols. 1987: ichols et al.. 1993), either 
before the establishment of a seasonalthermocline. or in 
areas that remain well -mixed throughout the year. Thi 
absence of water column stability may result in egg and 
larvae being mixed deeper in the water co lumn and in 
larvae being retained at a depth v.here food supply is 
inadequate or less suitable. 
Information on the vertical distribution of fi sh eggs 
and larvae is sparse. partly due to sampling difficulties 
associated with their presence in generally low numbers 
and the speciali ed sampling equipment required to 
obtain vertica l resolution (e.g. Longhurst Hardy Plank-
ton Recorder - LHPR . Pi pe er al.. 198 1; Williams et al.. 
1983: Multiple Opentng/Closing 1 et and Environment 
Sensing System - MO ESS. Wiebe er al.. 1976: 
pumps. Fortier and Harris. 1989). In the orth Sea a 
1054-J 139/97/0101 J6+ 12 S25.00101jm960176 
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few studies have provided information on the vertical 
distribution of eggs and larvae of individual fish 
species (e.g. Coombs er al. . 198 1; Heath e1 al . . 199 1; 
Kloppmann. 1991) or for a limited range of species 
(Harding and Nichols. 1987). In the Irish Sea. less 
sampling has been carried out for the vertical distri-
bution of ichthyo plankton, with the descriptions being 
restricted to one species (Coombs et al .. 1992). 
Between 1987 and 1990 sampling was carried out in 
the central Irish Sea and southern orth Sea as part of 
a programme examining zooplankton produc tion pro-
cesses during the spring and early summer (Coombs 
e1 al.. 1994; Lindley et al .. 1994). At the same time the 
opportunity was taken to describe the vertical distri-
bution of fish eggs a nd larvae under different envi ron-
mental conditions. Results from the analysis or this 
materia l is presented here. 
Methods 
Zooplankton sampling 
Fish eggs and larvae were sampled in the Irish Sea (F1g. 
la) and southern ·orth Sea (Fig. I b) using a modified 
!_ 1997 lmemational Council fo r the Exploration of the Sea 
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Figure I. (a) Positio ns of LH PR stat io ns m the lnsh Sea: !he four mam sampling sites are identified as IC (lnsh Coasta l). CS 
(C~ntral Stratifying). C M (Central Mixed) and WC (Welsh Coastal). Other hdul positio ns a re marked individually. (bi Positions 
of LHPR stations in the Nonh Sc:a fo r Jun.: 1989 ( e ) and April 1990 ( .::. ). 
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LHPR sampler (Longhurst et ul .. 1966: Williams et al .. 
1983). This system collects plankton between two rolls 
of filtering gauze which are advanced at intervals inside 
a codend box to give a series of consecutive samples. The 
LHPR was towed at 3-4 knots on oblique hauls, sam-
pling from the su rface to near bottom while taking 
samples at intervals of I min. equivalent to approxi-
mately 5 m depth intervals. Mesh aperture of the collect-
ing net and filte ring gauze for all the hauls was 200 11m. 
Water temperature was recorded throughout the hauls 
and flow rate was monitored by a flowmeter mounted in 
the intake aperture, approximately 10 m - 1 of water 
being filtered for each sample. On recovery of the 
sampler, the individual plankton samples were preserved 
in 4°1., borax buffered formaldehyde prepared using fresh 
water and subsequently sorted and analysed for fish eggs 
and larvae. with nomenclature following that of Russell 
(1976). Conductivity, temperature. depth (CTD) profiles 
were taken either by a Neil Brown or Guildline CTD 
before and after each LHPR haul. 
In the Irish Sea four main sites were studied between 
March and June for the years 1987 to 1989 (Fig. la). 
These were: (a) a seasonally thermally stratified site of 
-40 m depth close to the Irish coast. (b) a more central 
Irish Sea site of -I 30 m depth which becomes strongly 
seasonally stratified. (c) a central Irish Sea, continuously 
mixed. isothermal site or - 70 m depth and (d) a site off 
the coast of north Wales of - SO m depth. which is 
subject to considerable mixing. Two LHPR hauls were 
usually taken each time a si te was vis ited. one at approxi-
mately midday and the other at near midnight (Table la). 
LHPR sampling was also carried out at a few additional 
positions in the Irish Sea as indicated in Fig. la. 
In the southern orth Sea. LHPR hauls were taken in 
June 1989 and April 1990 (Fig. lb) at various times of 
the day and night. with some day/night pairs at the same 
position (Table I b). Station position were distributed 
over a wide area of the southern orth Sea but with a 
higher concentration in the region of the German Bight; 
all are referred to co llectively as North Sea samples. 
Sampling depths in the North Sea (I 1- 67 m) were 
shallower than in the Irish Sea ( 16- I 25 m). reflecting 
dilferences in maximum water depth between the two 
areas. Further details of the environmental conditions in 
the two areas for the period when sampling took place 
are given in Coombs et al. (1992). Lindley et al. (1994) 
and Nichols et al. ( 1993). 
Data processing 
Results were used from 34 LHPR haul (617 samples. 
Table la) in the Irish Sea and from 29 hauls in the North 
Sea (32 1 samples. Table I b). For each individual species 
or group of species the ve rtical distribution data were 
processed only for those haul s on which there were a 
minimum of 20 egg or 10 larvae. numbers below these 
64 
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of eggs and larvae in each haul were first standardised 
to give numbers m - 3 in S m depth bands, using the 
measured volume fil tered and depth range over which 
each sample was taken. These values were then con-
verted to percentage depth distributions. both for com-
parability of presen tation and to facilitate statistical 
analysis. G roups of hauls were combined to give overall 
mean depths by a'c:raging the pe rcentages (i.e. equal 
weighting being given to each haul). For comparison of 
depth distributions under different environmental con-
ditions. weighted mean depth values (Roe et al ... I 984: 
Barenge. 1990) were calculated for each species or group 
on each haul and compared by single factor analysis of 
variance (A NOVA I using logarithmically transformed 
data where appropriate. 
Results 
Environmental conditions in the Irish Sea and 
North Sea 
In the Irish Sea there is a restricted area of deep water 
(> 100 m depth) in the west, with most other areas being 
<SO m in depth. There is strong tidal mixing in the 
shallower areas of the eastern Irish Sea (Dickson, 1987: 
Burkart et al .. 19951 and relatively low fresh wa ter input. 
which is confined mainly to coastal areas in the east. 
These conditions \\ere reflected in the observed hydrog-
raphy. There was little thermal structure in the water 
column at all sampled sites in April (Fig. 2a, Table la). 
Seasonal stratifica tion was not eviden t until abo ut mid-
May and had only developed to any extent by the end of 
May at the deep ' ' ater central stratified site (0- 50 m 6t 
of 2.5"C: Fig. 2b. Table I a). Surface salinity at the 
sampled stations \aried between 33.02- 34.3 1 ppt \\i th 
little observed salinity stratification (0- 50 m 6 s or 
<O.S9 ppt at all stations) in any month of sampling. 
The southern ·onh Sea is largely <SO m in depth 
with increasing tidal mixing towards the shallower 
coastal areas. Relall\ely high levels of freshwater input 
can enhance stratification in coastal areas. especially in 
the German Bight and along the Dutch coast (Visser 
et al.. 199 1 ). At all the sampling stations in April the 
water column was \\ell mixed with neglig.ible thennal 
stratification (Fig. ~c. Table I b). During June the more 
coastal stations (e.g. :-/SI. S3) generally showed devel-
opment of a weak thermocline (0-SO m 6 1 of 1.2- 3.9"C). 
while at the more otTshore stations (e.g. S6. S8) there 
was a more marked development of thermal structure 
(0- 50 m ~t of 7.2-9.6"C). On the most southerly haul 
( NS 11 ), taken in the shallower water of the Sout hern 
Bight. the water column was fully mixed. Surface sa linity 
at the North Sea sampling stations in April 1990 varied 
between 33.44-JS. IO ppt wi th lillle salinity strat ification 
(0- SO m 6s of <0.51 ppt at all stations). In June 1989 
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Table I. LHPR haul information. The four sampling sites are IC (Irish Coas!l. CS (Central StrJtif)ing). CM (Central Mi~ed) and 
WC (Welsh Coastal). Thei r positions an: shown in Fig. la. 
(a) LHPR haul information for the Ir ish Sea 
Ha ul 
number Date 
Time 
GMT 
Statio n 
position 
Sampling 
site 
Bottom 
depth 
(ml 
Sampled 
tkpth 
(m I 
Number of 
samples 
0-50 m 
t>.t' C 
RRS "'Challenger· · 29 March- 19 April 1987 
ISJ 2-4-87 12:28 53'35'N 05'56'W 5~ 50 22 0.1* 
IS4 5-4-87 17: 18 54' 21'N 05' 10'W 132 1~5 36 0 .0 
IS5 6-4-87 13:35 53'52'N 05'40'W CS 101 100 31 0 .1 
IS6 9-4-87 12:38 53' 53'N 05' 58'W IC 41 35 13 0.1 
IS7 9-4-87 23:05 5J' 53'N 05'57'W IC 4 1 .W 13 0.1 
IS8 l l-4-87 12: 10 53' 50'N 05':!8'W CS 130 11 5 33 0.3* 
IS9 11-4-87 23:46 53'50 'N 05'28'W CS 130 1~0 32 0.3* 
IS II 15-4-87 12:34 53' 40'N 03' 59'W WC 46 -l~ 12 0.2 
RV "'Cirolana" 26 May-7 June 1987 
ISI3 29-5-87 19:48 53' 36'N 03' 53'W WC 42 38 12 0.6 
ISI-l 30-5-87 15: 11 53'29'N 05' 49'W 74 73 23 1.5 
ISI 5a 1-6-87 18:42 53' 59'N 03'30'W 23 19 10 0. 1 
IS1 5b 1-6-87 19:00 53'59' N 03' 30'W ~3 16 10 0.2 
IS16 4-6-87 13:21 54' 36'N 04' 1-l'W 60 .t7 26 0.9 
ISI 7 4-6-87 23:42 54'36'N 04 ' 15'W 56 50 20 0.9 
RV '"Cirolana ·· 9-21 April 1988 
ISI 8 11 -4-88 23:29 53' 47'N 0 5' 49'W IC 63 62 14 0.5 
ISI 9 12-4-88 11 :56 53'4S'N 05' so·w IC 56 50 12 0.5 
IS20 14-4-88 12:09 53'5l'N 05' 32'W CS 102 100 27 0.7 
IS22 15-4-88 23:23 53'5 l'N 05' 32'W CS 108 106 24 0.3 
IS23 17-4-88 12:23 53'41'N 03'59'W we 48 -1 5 14 0.0 
IS2-l 17-4-88 22:59 53'40'N 04' 00'W WC -l8 -10 13 0.0 
RRS "'Cha llenger·· 21 May-4 June 1988 
IS25 25-5-88 00:13 53' 49'N 05'33'W CS 93 85 24 ~ . 5 
IS:!6 25-5-88 12:47 53'49'N 05"31'W CS 105 100 20 ::u 
IS17 26-5-88 14:51 53' 24'N 03'43'W WC 25 20 4 0 .6 
I S~8 29-5-88 23:41 53' 48'N 05' 49'W IC 4 7 -10 12 2.2 
IS29 30-5-88 12:55 53'48'N 05'56 'W IC 45 -10 13 1.6 
IS30 1-6-88 12: 12 53'4J'N 04' 37'W CM 65 6Q 18 0.1 
RV ··cirolana"' 14-29 April 1989 
IS32 19-4-89 13:05 53' 29' :--1 03'45'\V WC 37 .'-l 12 0.2 
IS33 19-4-89 13:-l4 53'28'N 03'53'\V w e 38 32 14 0.1 
IS3-l 21-4-89 12:29 53'50'N 06' 06'W IC 31 28 9 0.5 
ISJ5 21-+89 23:0 1 53'48'N 06'05'W IC 31 28 11 0.3 
IS36 22-4-89 23:09 53' 45'N 05'29'W CS 104 lOO 25 0.4 
IS37 23-4-89 12:42 53'45'N 05'30'W CS 107 99 22 0.4 
IS39 25-4-89 12:56 53'4l 'N 04'35'W CM 70 62 18 0.0 
15-lO 25-4-89 22:54 53'38'N ()4'-tO'W CM 86 85 18 0. 1 
*Increase in temperature towards bottom. 
surface sali nity was lower (30.00-33.7 1 pp(). Sa linity a re given in Table 2. In the I rish Sea. 2 1 spec ies of eggs 
s tra tification was g reatest at the inshore German Bight a nd 27 species o f larvae were identified . a wider range 
stations (e.g . NS:? a nd NS3, 0-50 m 6 s of 2.03- 2.52 pptl than from the less i n ten si~e sampling in the N orth Sea 
due to fresh water o utflow. Tidal mixing at the m ost where 15 species o f eggs and 20 of larvae were recorded . 
insho re s ta tion ( S4 ) prevented the establishmen t of Of the eggs. those of s pra t (Spral/us sprallus). dragon e t 
a ny !observed) sa linity stratification . ( Cal/iunymus spp. ) a nd dab ( Limanda limanda) were the 
most abundant. togethe r comprising 68'V., of all eggs in 
Fish eggs and larvae the Irish Sea a nd 92'y;, in the North Sea . Eggs ofrockling 
species were a lso relati\ely common in the Irish Sea 
T he species composition and occurre n ce o f fis h eggs and (5.9"!., of a ll eggs ). Lar\ae of S. sprattus (3- 22 mm in 
larvae on LHPR h auls in the Irish Sea and North Sea length). Callionynws spp . (2-7 mm) a nd L. limanda 
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Table I. LHPR haul infonnatio n. The fo ur sampling sues are IC (Irish Coast). CS (Central Stratifying). CM (Central Mixed) anq 
WC (Welsh Coasta l). Their positions are shown in Fig. la . 
(b ) LHPR ha ul infonnation for the North Sea. 
Haul Time Statton 
number Date GMT position 
RRS "Challenger'' 9- 21 J une 1989 
NSI 11-6-89 12:25 54'00'N 06'09'E 
:-IS2 12-6-89 13:20 54' 06 ' OS'OO' E 
S3 12-6-89 22:40 54' 08 'N 07'47'E 
:-IS4 13-6-89 17:06 53'52'N 07'54'E 
NSS 15-6-89 11:27 54'27'N 06'5 l'E 
NS6 15-6-89 21 :12 5-1' 27' 06' 5l 'E 
57 16-6-89 11 :23 54' 47'N 06' 03'E 
NS8 17-6-89 11 :00 55' 19'N 04'55'E 
NS9 20-6-89 10:17 54' 10'N 03' 49'E 
NSlO 20-6-89 1 1:36 54'10'N 03' 49'E 
NS II 21-6-89 11 :53 52'42' 02'51' E 
R V ' 'Cirolana" 10--24 April 1990 
Sl 2 12-4-90 12:51 53'53'N 00' 57' E 
. S13 12-4-90 21:06 53'5 1'. 00' 55'E 
NS I4 13-4-90 11:26 54' 37' Ol ' OJ'E 
NS I5 13-4-90 22:10 54' 38' 0 1' 06'E 
NS I5a 13-4-90 22:50 54' 38' N 01 ' 06'E 
NS 16 15-4-90 12:09 55' 14'N 03' 34' E 
NS I7 15-4-90 22:08 55' 14' N 03' 37'E 
SI B 16-4-90 12:03 55'52' 03' 16'E 
519 16-4-90 21:35 55' 52' 03' 17'E 
NS20 18-4-90 22:02 55'49' 06' -13'E 
NS21 19-4-90 11 :57 55' 24'N 07'0J'E 
:-.1522 19-4-90 21.40 55' 26'N 07'06' E 
NS23 20-4-90 22:51 54' 05'N 07'SO'E 
NS24 21-4-90 12:31 54' 05'N 07'-17'E 
i'IS24a 21-4-90 1'2:45 5-1' 05'N 07'-1 7'E 
NS25 22-4-90 10: 14 54'33'N 06' 30'E 
NS25a 22-4-90 21 : 15 5-1'33' :-.1 06'30' E 
i'IS25b E-t-90 21 :30 54'33' . 06' 30' E 
• (ncrea em tempera ture towards bottom. 
(2- 17 mm) together comprised 64'Y., of all la rvae tn the 
Iri sh Sea and 80"1~ in the orth Sea. Also common in the 
o rth Sea we re lal"\oae of sandeel (AII IIIIOt(rres spp.) 
( 6---26 mm in le ngth: 7% of all larvae). whit ing ( .\ler/an-
gius merlangus ) (2- 17 mm: 5.6%) and flounder (Piatich-
rhysfiesus) (5- 10 mm: 2.6%). Measurements taken make 
no allowance for larval shrinkage due to sample process-
ing and pre ervation. but since this procedure was 
standardised fo r all hauls. shrinkage should be similar. 
at least within species. Typica l shrinkage values for fish 
larvae preserved in 4% formaldehyde fall between S and 
I 0% (Fox. 1996). but there are variations due to inter-
and intra-specific differences and to processing routine 
and composition of the preservation fluid (Jennings. 
199 1 ). However. accurate length measurements were not 
an important component of the present study. 
Vertical d istributio n of eggs and larvae 
The variability in the mean depth distribution of the 
eggs between hauls was generally low. both within and 
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Bottom Sampled 
depth depth Number o f 0--50 m 
(m ) (m) samples 6 t'C 
29 27 11 u 
:!9 21 7 3.5 
39 37 12 3.9 
16 11 6 0.3 
35 33 12 7.6 
36 34 13 8.2 
39 37 15 7.2 
47 46 17 8.0 
44 42 18 8.3 
44 42 20 9.6 
42 13 5 0.0 
45 4 1 16 0.4 
45 40 12 0. 1 
46 45 10 0. 1 
4 7 46 9 0.0 
43 40 9 0.2 
26 24 6 0.0 
27 26 6 0.0 
69 66 19 0.3 
68 67 16 0.3 
39 38 11 0. 1 
30 29 8 0. 1 
30 29 8 0.1• 
42 41 11 0.2 
41 40 9 0.-1 
40 34 9 0.3 
38 37 8 0.3 
39 38 9 0.3 
39 38 9 0.2 
between the Irish Sea and orth Sea (range 13.1- 22.8 m. 
S.E. <4.9 m: Table 3a). Exceptions were Callionymus 
spp. on stratified hauls (6t >0.5'C) and rockling species 
on night hauls (S. E.s of 13.5 m and 19.7 m respectively). 
There were no significant differences between mean 
depths due to time of day (p =0.53 l-0.84l ) or tempera-
ture structure (p=O.IQ4....0.390). 
Comparable information for the more abundant fish 
larvae is given in Table 3b. The weighted mean depths 
again fell within a relatively narrow range ( 12.3- 26.::1 m) 
as did most standa rd errors which were <8.7 m. except 
P. fie sus ( 10.6 m. but based on 3 hauls only). There \\ere 
also no ignificant differences between hauls related to 
temperature structure or time of day. except L. limanda 
where there was a significan t difference in the distri-
butions between mixed (mean depth 13.5 m) and 
stratified conditions (mean depth 21.8 m). 
Due lo the similarity in depth distribut ions between 
all hauls. it was justifiable to combine all hauls for each 
species or group to give a description of their o>erall 
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Fogure 2. Repre entative CTD temperature profi les from the four sites. odentified as IC (Irish Coastal). CS (Central Stratifying). 
CM (Central Mixed) and WC (Welsh Coastal). in the Irish Sea from (a) April 1989 and (b) Ma)/June 1988 and from stations in 
the North Sea for (cl April 1990 and (d) June 1989. Broken lines indicate the water depth at each station. 
paue rn of vertical distribution. The resulting vertical 
distribution of eggs and larvae of L. limanda, S. sprattus 
and Calliunymus spp .. representing those species which 
were taken in higher numbers as both eggs and larvae. 
are plotted m Figure. 3. Their distributions were 
67 
restricted mainly to the upper 60 m of the water column. 
with most within the top 30 m. Abundance of eggs of all 
three species increased tOwards the surface. whereas for 
larvae only those of L. ftmanda were most abundant at 
the surface. those of S. spratrus and Callionymus spp. 
.!>. 
'" Tabk 2. Sp..:<.:ics ..:omposition and percentage o<.:<.:u rren<.:c of tish ..:ggs and larvae in 34 LHPR hauls in the Irish Sea and 29 hauls in the North Sea ( + =occurrenc.:e at <O. I'X,). 
Irish Sea North Sea 
Positive Total '/' .. Total Positive Total % Total Positive Total % Total Positive Total 'X, Total 
Spcc.:i<.:s hauls eggs <.:ggs hauls larvae larvae hauls eggs eggs hauls larvae larvae 
Agunus spp. I I 0.1 
AIIIIIIIJd)'lt'.l' spp. 18 207 10.6 22 349 7.0 
A rtwxlos.ws lu!t•ma I (\ 0. 1 2 I 'I 1.0 
Buglu.uidwm /u/1!11111 2 2 + 5 13 0.7 5 46 0.3 4 11 0.2 
( 'al/umyllw.,· spp. I 'I 63'1 9.4 18 103 5.2 25 163 1 10.4 12 IR6 .l.R 
( '/upeu lwrt!ngus I 2 0. 1 I I + 
Clenuluhrus rupeslri.l' 2 + 2 4 + 
Gadus morhuu 17 42 2. 1 4 36 0.7 
Gl)•ploceplwlus C'_l'flog/u~.\'1/,\' 3 6 O.J 
Gohiu.1' 'PP· 13 35 1.8 5 6 0.1 
H ippuglussoide.l' pllJie.uoides 3 6 0.1 2 3 0.2 I I + 
Limunda limandu 16 1738 25.5 22 284 14.5 27 8225 52.4 24 3170 63.9 ~ 
Lipum spp. 6 18 0.'1 
Ltt171pt!lltt.\' lan1pretaeji,rn1i.\' 3 13 0.7 :"' 0'1 
oc /'.ft•rlungius merlungus 15 '19 5.0 15 277 5.6 :-o 
Merlttrrius lln·rluc('ill.\' + 2 3 + ~ A./1e nw/ut'IIS l'flt'it'gtJfU.\' + 
Miaus/o/1111.1' kill 4 8 0.4 2 + <::i 
Nfoh·u moh•u 2 J + -: 
NI ullu.,· sumwlt•1 " ·' ' 2 4 0.2 + !! 
Plwlis grmnellu.1· 9 55 2.8 "' 
PhrJ'nurlwtnhu.\' nuro•egicus I 2 + 
PllJiiclulrys ./fl!l'l/.1' 4 7 0 .1 2 4 0.2 6 128 2.6 
Plt·urom•cfe.\' plule.uu 8 I< XI 1.5 8 30 1.5 3 4 + 5 21 0.4 
Polluchiu.,· pullacluu' 3 5 0.3 4 11 0.2 
Rlldling 'PP· 24 40.1 5.9 15 55 2.8 15 124 0.8 14 61 1.2 
Scumher .l'<'ombru.\· 6 155 2.3 8 139 0.9 6 .18 0.8 
ScopllllltJ!mus lllt.l.\'imus 5 10 0.1 8 37 0.2 
Sc,ph!lwlmu.\ rhomhu.\ 5 24 + I 2 0.1 19 177 1.1 
Solt·a solt•u 3 24 0.4 10 43 2.2 4 9 0.2 
S/JruiiU.\' sprCI/111.\' 30 2234 32.7 25 !!73 44.5 20 4511 28.7 20 629 12.7 
Te1undus huhulis 9 16 0.8 3 7 0.1 
Twchum.1· 1raclwrus 7 141 0.9 
Twcllln/1.1' o·ipera 2 7 1 0.5 
7i·ig/C1 spp. 13 116 1.7 I 0. 1 13 39 0.2 I I + 
Tri.l'tlpll!ru,,· spp. 2 3 + 7 21 1. 1 6 15 0.3 
ZeugtJptcnu fUmctutu.\· J 5 0. 1 
Uniuentitied guuoiu eggs 26 1346 19.7 27 544 3.5 
V"rrical distribution oj /Ish "ggs a~~tllan·a" 143 
Table Ja. Weighted mean depths and standard error · of the means for the more abundant lish eggs 
from all positive LHPR hauls in the North Sea and lnsh S.:a combined. The \\e1ghted mean depth 
range for all hauls. the number of hauls ( n I and the probabili ty IPI value from A OVA analysis are 
also shown. 
Temperature Mean 
structure/time depth 
Species of day (m) 
Lmwnda limmula Day 15.1 
Night 14.8 
Isothermal 14.9 
Stratified 18.6 
Total 15. 1 
Spral/us sprallus Day 14. 1 
Night 15. 1 
Isothermal 15.2 
Stratified 13. 1 
Total 14.4 
Callionymus spp. Day 18.4 
Night 16.4 
Isothermal 16.3 
Stratified 22.8 
Total 17.6 
Rockling spp. Day 1-1. 1 
ight 20.7 
Isothermal 16.9 
Stratified 
Total 16.9 
• smg logari thmically transformed da ta. 
showing sub-surface peaks at 5- 10 m and 10-15 m 
respect ivel~ . 
The depth di stributions of eggs of rock ling species and 
larvae of Al. mer/angus. Ammot~rtt'S spp. a nd P. jlesus. 
all of which were taken in moderate numbers as ei ther 
eggs o r larvae. are plotted in Figure -1 . Eggs of roc kling 
species. larvae of P. jfesus and. to a lesser ex tent larvae 
o f 1'vf. merlangus showed increased abundance towards 
the surface. There was some evidence of bimodality in 
the depth distribution of rockling eggs. possibly due to 
the presence of eggs of more than one species, which 
may a lso have accounted fo r the observed high sta ndard 
error ( 19.7 m. Table 3a) of the mean depth. Larvae of 
Ammot~rtes spp. had a more even distribution down the 
water column. this possibly being related to the eggs 
being spawned demersally. Both .W. merlangus and P. 
jlesus had no ticeably shallower distributions ( <40 m) 
than other larvae taken (cf. Figs 3 and 4 ). 
The combined distributions of all eggs a nd all larvae 
have been amalgamated in Figure 5. This figure high-
lights the deeper distribution of eggs (weighted mea n 
depth of 35 m). whic h were taken down to the maximum 
Range of 
Standard mean depths 
error (m) n p 
3.2 4.9- 33.5 17 0.841 
:!.5 10.6-24.4 11 
2.2 4.9- 33.5 :!7 
I 
2. 1 4.9- 33.5 :!8 
3.2 4.4-28.4 20 0.698 :u 9 .3- 19.9 9 
3.0 5.4-28.5 19 0.390 3.6 4 .4-19.1 10 
2.3 4.4-28.4 29 
4.9 H - 50.1 18 0.546 3.0 10.1- 26.9 12 
2.1 11.2- 31.4 1-1 0.21 3' 13.5 4.9- 50. 1 6 
3.2 -1.9- 50. 1 30 
9. 1 8.0- 27.6 4 0.643· 19.7 6.8- 39.7 3 
9.3 6.8- 39.7 7 
9.3 6.8- 39.7 7 
depth sampled ( 100 m). compared to larvae (weighted 
mean depth of 20 m) which were restricted to depths 
above 55 m. Eggs were found in peak numbers at 
the surface while larvae have a sub-surface peak or 
abundance. 
Discussion 
There were few significant differences between the vertical 
distributions of ditferent ichth yoplankton species from 
the Irish Sea and North Sea. ei ther for eggs o r larvae. In 
pan. this may be due to the effects of averaging results 
from a number of hauls taken at different times and 
under different biological and hydrographic condittons. 
For pelagic eggs. their vertical distribution is deter-
mined by the relat ionship between physica l properties o r 
the eggs. seawater density a nd the degree of vertical 
mixing of the water column (Sundby. 1991 ; Nissling et 
al.. 1994). The distributions observed. with increasing 
numbers of eggs towards the surface. is as expected for 
passive buoyant particles under the dominant influence 
of wind mixing a t the surface (Sundby. 199 1 ). The 
69 
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Table 3b. Weighted mean depths and standard errors of the means for the more abundant fi h 
larvae from all positive LHPR hauls in the 1 orth Sea anJ lnsh Sea .:ombmed. The weighted mean 
depth range for all hauls. the number of hauls (n) and the probabilit~ lp) value from A NOVA 
analysis are also shown . 
Temperature Mean 
structure/time depth 
Spectes of day (m) 
Lmumda lmumda Day 17.6 
Night 15.9 
Isothermal 13.5 
Stratified 21.8 
Total 16.8 
Sprallus sprauus Day 13.7 
Night 16.3 
Isothermal l-t.4 
Stratified 15.4 
Total 1~ .8 
Cal/ionymus spp. Day 14.6 
Night 12.3 
Isothermal 13.1 
Stratified 14.2 
Total 13.8 
.\fer/ungius llll'rlangus Day 14.3 
Night 16.1 
Isothermal 15.3 
Stratified 1 ~ .6 
Total 15.3 
Ammad_rtt's pp. Da~ 19.8 
Night 16.2 
I othermal 23 .6 
Stratified 18.4 
Total 23.0 
Pluticlttlt u flews Da~ I .7 
ight 13.7 
Isothermal 1 ~ .9 
Stratified 
Total 14.9 
occurrence of eggs in significant numbers in relatively 
deep water (>50 m depth) where wind mixing has lillle 
effect. may be att ributed. in part. to tidal mixing. which 
is strong in many areas of the Irish Sea and possibly also 
to some species spawning deep in the water. 
While the mean depth distributions of larvae were 
similar. the pallem of their distributions was variable. 
The vertical distribution of larvae is influenced by the 
same physical factors as for eggs but with the additional 
effects of ontogenetic and behavioural differences in 
response to environmental factors. There is a general 
feeding advantage in being distributed in the upper. 
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Range of 
Standard mean depths 
erro r tm) n p 
-U ~-7-26. 1 11 l 0.637 5.8 ~ }- 28.1 9 
~- 1 2. 7-26.1 12 l 0.015 ~.4 10.0-28. 1 8 
3.5 2. 7- 28.1 20 
2.7 ~ 9- 23.2 16 l 0.236 3.0 9.3-24.4 10 
2.4 H - 21.2 16 l 0.619 3.9 6.7- 24.4 10 
2.1 H - 24.4 26 
~-7 5. 9~24.7 7 l 0.350 6.7 -t. l- 20.2 4 
8.7 ~. 1 -24.7 4 l 0.789 3.8 5.9-20.2 7 
3.9 -U - 24.7 11 
2.5 10.1- 18.0 5 l 0.499 ~. I 7.2- 19.7 6 
1.7 7.2- 19.7 10 l I -
2. 7 1 .2- 19.7 11 
3.9 11.4-26.5 8 l 0.1-B 
- 1 10.2 ---li.S 8 
u I 0.2--41 .8 I~ l 15.8- 21.0 2 -
~ . 3 10.2--41.8 16 
I 
10.6 .2- 24.3 3 
- .9 8.2- 24.3 4 
7.9 2-24.3 4 
more productive. layers of the wa ter column. where food 
particles are presen t in higher abpndance (e.g. Coombs 
et al.. 1992: Coombs et al .. 1994) and. more specifically. 
some studies have found the vertical distribution of 
larvae to be related to the depth of highest abundances 
of copepod nauplii (e.g. Haldorson et al.. 1993). 
Additionally. there is the influence of predation which 
may lead to the ob erved peak of larval abundance. this 
being the optimum balance between visua l avoidance 
and food availabilit y (Fort ier and Harris. 1989). 
The observed sub-surface peak of larval abundance 
may al o reflect some aspect of diel migration. or net 
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Figure -l. Vertical distribution of eggs of rockhng species and larvae of Jll'rlmrgi11s malang11s. Ammod_1·r.-s spp. and Pluriclllhys 
f/t'j l/.1 plottcu as the mean percentage oc..:urrence on all LH PR hauls from the Ir ish Sea and Nonh Sea on each of which there were 
>~U eggs o r > 10 lanae. Also shown are the number of hauls( , 1 and total number of lanae (11) on which the diSlributrons are 
based. together w1 th the weighted mean depth (WM Dl of the distributions. The ma.\imum depth to "hich sampling was carried 
out IS marked with a broken hne. 
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Figure 5. Vertical distribu tion of a ll eggs and larvae plotted as the mean percentage occurrence on all LHPR hauls from the Irish 
SeJ Jnd :-<orth S.:a on each of which there were > 20 eggs or > 10 larvae. Also shown are the number of hauls 1 ) dnd total number 
of lanae (Ill on "h1ch the distnbutions are based. toge ther with the weighted mean depth (WMDI of the d rstnbutions. The 
ma\rmum depth to whrch sampling was carried out IS marked \\ llh a broken line. 
vert ical distributio n can be difficult to demonstrate sampling is carried o ut at sutficien t tempora l and ve rtical 
un less larvae are present 111 high concent rat ions and resolution. 
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In the present study. there was little evidence of the 
influence of thermal strat ification on the vertical distri-
butions of la rvae. Strong thermoclines. when present. 
tended to be a t around 30 m depth. with the majority of 
larvae being above this depth irrespective of stratifi-
cation. Other studies have generally shown a restriction 
o f ichthyoplankton to the upper mixed layer (Coombs 
et al .. 1981: Boehlert et al., 1985) and more rarely , under 
particular conditions. below the thermocline (Munk and 
Nielsen , 1994, for S. spraltus and M. merlangus). In the 
present study when a significant difference in depth 
distribution was noted between mixed and stratified 
conditions, as found for L. limanda larvae, the overall 
difference in weighted mean depth was only 8 m. 
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Feeding of anchovy Engraulis encrasicolus larvae 
in the northwestern Adriatic Sea in response to 
changing hydrobiological conditions 
D. V. P. Conway1·*, S. H. Coombs1, C. Smith2 
1NaluraJ Environment Research Council, Centre for Coastal and Marine Sciences, Plymouth Marine Laboratory, 
Prospect Place, Plymouth, Devon Pll JDH, United Kingdom 
1School of Biological Sciences, Queen Mary and Wesllield College, University of London, London El 4NS, United Kingdom 
ABSTRACT: Results from depth in tegrated and vertica Uy straWied plankton sampling in the north-
western Adriatic Sea were used for comparison of gut contents of larvae of European anchovy 
Engraulis encrasicolus with composition and concentra tion of potential prey m the plankton. Sampling 
was carried out over a grid of stations both before and after a period of increased wind mixmg to inves-
tigate changes in food availability and larval feeding success. All larvae had empty guts soon a lter 
dusk, indicating daytime feeding and raprd gut clearance. With increasing larval length there was a 
greater percentage of specimens with empty guts, despite suitable food bemg available in the plank-
ton for these larger larvae; this suggests differential gut evacuation during samplmg-poss1bly related 
to the degree of gut development. Larval diet was principaUy the various developmental stages of 
copepods, especiaUy calanoid and cyclopoid nauplii. which were preferentially selected by larvae, 
whereas selection was against harpactic01d nauplii. Lamellibranch larvae and Peridmwm spp were 
gene rally a bundant in the plankton, but were only present in the gut contents rn any number when the 
preferred dietary organisms were present m the plankton at low concentrations The number of food 
orgamsms in the gut contents mcreased w1th concentration of the preferred food organLSrns m the 
plankton up to a l.imit of -50 organisms t· •. Within the upper 18 m of the water column, there was a 
reduction in the proportion of larvae with food in their guts with increasing depth, irrespective of the 
vertical profile of food concentration. Following a penod of wind mUting the compos1t1on of the plank-
ton changed. This was reflected m the dJet of anchovy larvae, which altered in parallel. There was also 
an overall 41 % decrea se in concentration of the prefe rred food part1cles of larvae m the plankton fol-
lowing the period of wind mixing. but larvae were still able to maintain their food intake. These results 
show that anchovy larvae can successfully adapt the1r diet to a changrng prey fie ld and suggest that in 
the conditions observed in the northern Adnallc, qmte radical changes in the feedmg environment 
were probably insufficient to affect overall larval mortality. 
KEY WORDS: Anchovy larvae · D1et · Feeding success · Food selectiOn · Wind miXing 
INTRO DUCTION 
The recruitment s trength of many fis h stocks is 
thought to be determin ed within the first year of life 
(Bradford & Cabana 1997) , and while much research 
has been directed towards establishing the contribu-
tion to mortality from variation in feedmg success dur-
mg the early larval stages, the connect.Jon is st1ll con-
• E-maJl: dvpc@ccms.ac.uk 
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Resale of full article not permitted 
76 
troversia l (Leggett & Deblois 1994). One proble m in 
establishing this link has been that the results of labo-
ratory studies on food requirements of larval fish are 
often at variance with held observations (MacKenzre et 
al. 1990). This discrepancy may be a reflection of a 
combination of inadequate a ttempts to replicate field 
conditions experimentally and field sampling tech-
niques which do not accurately resolve the larval prey 
field. Regardless of the problems of reconciling studies 
on the relationship between feeding and recruitment, 
there is continuing evidence from fie ld studies of a link 
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between feeding success, ava ilability of preferred food 
and the proportion of fish larvae which are in poor con-
dition (Anderson 1994, Theilacker et al. 1996) . Addi-
tionally, it has been shown in laboratory experiments 
that the mortality of larval fish can decrease with 
increasing food availability (Gotceitas et al. 1996) and 
that the size range of available food can determine 
growth ra te and cohort size structure (Geffen 1996). 
Because mortality rates generally decrease with 
increase in larval size (Pepin & Myers 1991), feeding 
efficiency (quantity and assimilable content of food 
organisms, balanced against energy expended captur-
ing them), in paralle l with predation (Bailey & Houde 
1989), must still be considered as a potentially prime 
biological factor in modifying recruitment. 
A physical factor which has not been integral in most 
experimental studies, but which is considered to have 
a substantial effect on feeding success in larval fish, is 
degree of turbulence, due primarily to wind mixing , 
although this may have positive or negative effects 
(Dower et al. 1997). Modera te turbulence in the wa ter 
column may act to enhance feeding success in larvae 
through changes in encounter rates be tween larvae 
and their prey, although this has to be balanced 
against the possibly increased energetic costs associ-
ated with feeding in turbulent waters. Conversely, tur-
bulence may disrupt established thermal structure and 
plankton concentrations (Lagadeuc et al. 1997) , result-
ing in a reduction in larval feeding success (lasker 
1975), decreased growth rates (Maille t & Checkley 
1991) and increased mortality rates (Pe terman & Brad-
ford 1987). 
Data for the present study were obtained on a crui se 
carried out m June/July 1996 in the northwestern Adri-
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a tic Sea in the region of the River Po outnow. This 
formed part of a joint programme between the Ply-
mouth Marine Laboratory (PML) and the Istituto Cen-
trale per la Ricerca scientifica e tecnologica Applicata 
al Mare (!CRAM), the overall aim of which was to mea-
sure the nutritional condition and survival of larval 
European anchovy Engraulis encrasicolus in response 
to changes in environmental conditions following a 
period of wind mixing (Coombs e t al. 1997, McFadzen 
& Franceschini 1997). 
The shallow northern Adriatic is vulnerable to peri-
ods of strong wind mixing, even during tbe sum~er 
months (July and August) of peak spawning of 
anchovy (Zore-Armanda & Gacic 1987, Regner 1996) . 
An extensive sampling programme was carried out 
which gave broad-scale information on both hydrogra-
phy and plankton distribution and was coupled with 
high resolution sampling at selected sites in order to 
determine the vertical distribution of anchovy larvae 
and their food resources. These data were utilised to 
give a detailed account of the die t of larval anchovy 
and to assess changes in diet and feeding success in 
response to food availability when stable hydrographic 
conditions were interrupted by a period of wind 
mixing. 
METHODS 
Sampling for anchovy larvae and associated plank-
ton and concurrent environmental observations were 
carried out from the resea rch vessel N/0 'Thetis' in the 
northwestern Adriatic Sea (Fig. I) between 16 J une 
and 12 July 1996. 
Fig. I. Study area showing Bongo samphng stations 
Stations at which LHPR (l onghurst Hardy Plankton 
Recorder) hauls we re carried out are marked wlth 
the corresponding haul numbe rs 
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Table t. Bongo ne t sampling grid information for anchovy larvae 2.4 tion of the 2 grids (Table I ). Larvae were mea -
sured (standard length)then the comple te diges-
tive tract was removed. Terminology for the 
regions of the digestive tract follows O'Connell 
(1976). The thin walled fore-gut is transparent 
and any food organisms within it could be iden-
tified and counted without dissection . The 
thicker walled mid- and short hind-gut were 
opened with dissecting needles in a petri dish 
to 10.9 mm in length 
Grid Date Samples Samples Total Larvae 
(1996) containing containing larvae containing 
larvae feecling larvae examined food 
1 16-18 Jun 41 33 1011 326 
2 2-4 Jul 44 28 840 176 
Table 2. Dimensions and dry weight conversion factors for food 
o rganisms taken by anchovy larvae 2.4 to 10.9 mm in length 
containing water and examined under a binocu-
lar microscope. Sufficient larvae were obtained 
for analysis of results for specimens betwe.en 
2.4 and 10.9 mm in length, which were sepa-
rated into 1 mm length categories. Measure-
ments taken make no allowance for shrinkage 
due to handling and preservation, but for clu-
peoids shrinkage is typically between 5 and 10% 
(Fox 1996). 
Organisms Mean le ngth Mean width Weight conversion 
(llm) (llffi) factor (llg) 
Peridinium spp. 74 37 0.10" 
Copepod eggs 73 73 0.10 
Calanoid nauplii 172 68 0.27 
Cyclopoid nauplii 109 52 0.20 
Harpaclicoid nauplii 145 87 0.24 
Oithona spp. 218 liS 0.34 
O ther cope pods 350 138 0.65 
Lamellibranch larvae 74 64 0.174 
•Estimated from nauplii climensions 
Grid sampling. General features of the die t of 
anchovy larvae were studied from samples taken on 
2 Bongo ne t sampling grids of 45 stations at a spacing 
of 5 nautical miles (Fig . 1). The first Bongo grid was 
sampled from 12:00 h local time (UTC + 2 h) on 16 June 
to 06:00 h on 18 June 1996; following an interval of 
14 d, the second grid was sampled from 12:00 h on 
2 July to 06:00 h on 4 July 1996. On both grids, sam-
pling was carried out during both day and night. The 
coarse mesh (280 11m) Bongo sampler was 30 cm in 
diameter; attached below it was a 9 cm diameter fine 
mesh (53 11ml system. Both Bongo ne t syste ms were fit-
ted with flowmeters to allow standardisa tion of the 
catch to unit volume filtered. The ne ts were towed at 
2 knots from the surface to -2 m above the sea bed in a 
double oblique haul. Values for real-time monitoring of 
sampler depth trajectory, together with sensor read-
ings for flow, temperature and salinity, were obtained 
using an e lectronic sensor package mounted above the 
ne ts. Following each haul the plankton samples were 
preserved in 4 % borax-buffered, fresh water formal -
dehyde solution (pH 8.2) . 
Larvae for feeding studies were subsequently sorted 
from the 280 11n1 samples. The term 'larvae' has been 
used generally here to refer to all specimens post-
hatch. Whenever sufficient numbers of larvae were 
available, the complete digesllve tracts of a minimum 
of 25 undamaged larvae were examined fr om each sta-
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Gut contents were identified to the lowest tax-
onomic level and counted. Because of the \vide 
species range of copepod nauplii found in this 
region, these could only be identified to their 
Order, e.g. calanoid, cyclopoid or harpaclicoid. 
Measurements of the size of food organisms 
were made for all measurable items. Dimensions 
measured were the total length and maximum 
width for copepod nauplii and Peridinium spp., 
cephalothorax length (not including the posterior 
reduced segment in Oithona spp.) and maximum 
width for copepods, maximum shell width and depth 
for lamellibranch larvae and diameter for copepod 
eggs. Using the observed mean dimensions, numbers 
of food organisms were converted to approximate dry 
weights (Table 2) utilismg values from Hay et al. ( 1988) 
and equations from Thompson & Harrop (1991). 
The 53 11m Bongo net samples were subsequently 
sieved through a 20 11n1 mesh, rinsed with fresh water 
to remove the formaldehyde and transferred to fresh 
water in a 300 ml grad uated flask. Using a Stempel 
pipette, subsamples to provide app roxima tely 150 of 
the organisms established from gut con tent analysis as 
the prefe rred dietary items of anchovy larvae were 
extracted and counted for estimates of regional food 
abundance. The counts of copepods were restricted to 
those <275 11m in cephalothorax width, this being the 
maximum width of the copepods measured in the diet. 
Vertical distribution sampling. Longhurst Hardy 
Plankton Recorder (LHPR; Williams et al. 1983) hauls 
were taken at selected stations (Fig. I) m order to study 
the vertical distributions of anchovy larvae and their 
potential food , and hence food selection by larvae at 
diffe rent prey concentrations down the water colum n. 
A double net LHPR system was used, this consisting of 
a coarse mesh net system of 280 11m or 500 11m mesh 
aperture (selected according to the ambient plankton 
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Table 3. Sampling information for anchovy larvae from Lo nghurst Hardy Plank· 
ton Recorder (LHPR) hauls for samples with> 10 anchovy larvae 2.4 to 6.9 mm in 
length 
samples within hauls are not indepen-
dent, data among depths within hauls 
were pooled for comparison. The rela-
tionships be tween food concentration 
and depth, the proportion of larvae 
containing food by depth and food 
concentration, and mean number of 
food items in the guts with depth and 
food concentration were tested by lin-
ear regression. Diet selectivity was 
assessed using the natural log trans-
formation (In) of the Odds Ratio 
method (Gabriel 1978, Hillgruber et 
al. 1995). This selectivity index is sym-
Haul Date Time 
no. (1996) (local) 
(h) 
Maximum 
de pth 
sampled (m) 
No. of 
samples 
Total 
la rvae 
examined 
21 Jun 11:30 
17 7Jul 13:30 
19 9 Jul 14:50 
20 
18 
26 
9 
3 
6 
2 
283 
110 
225 
22 10 Jul 10:30 
23 10 Jul 15:45 
26 11 J ul 16:36 
28 
36 
26 7 
32 
22 
125 
concentration) for collection of the larvae and a sepa· 
rate 53 pm net fine mesh system for collection of the 
food organisms. The LHPR was towed obliquely at 
around 3.5 knots from the surface to -1 m above the 
sea bed, simultaneously collecting coarse and fine 
mesh samples at a sampling interval of 1 min, with a 
vertical sample resolu tion of approximately 2 m depth. 
The coarse net filtered approximately 14 m3 of water 
for each sample, while the fine mesh filtered approxi· 
mately 200 I. Following each haul, samples were pre-
served in 4 % borax-buffered, fresh water formalde-
hyde solution (pH 8.2). Values for real-time monitoring 
of depth and flow, together with profiles of tempera-
ture and salinity, were obtained on each haul via cored 
ca ble transmission of data from an e lectronic package 
mounted on the sam pler frame. Anchovy larvae were 
subsequently sorted from the coa rse mesh samples and 
analysed for gut contents in the same way as for speci· 
mens from the Bongo samples, sufficient larvae for 
analysis being available on 6 of the LHPR hauls (Fig. 1, 
Table 3). The 53 pm zooplankton samples were 
analysed for the concentration of food particles in the 
same way as for the fine mesh Bongo samples. Counts 
of organisms from the LHPR samples were standard-
ised to numbers in 2 m depth strata to enable compari-
son between hauls. 
Data analysis. The feeding incidence of the anchovy 
larval population was taken as the proportion of spec•· 
mens containing at least 1 food particle , and the feed-
ing inte nsity as the mean number of food particles in 
the gut contents of feeding larvae. Data were tested for 
normality using the Kolmogorov-Smirnov test and for 
homoscedastici ty using Levene's test. Appropriate 
transformations were applied to non -normal and het-
e roscedastic data. Comparisons of feed ing and food 
availability be tween Bongo grids were carried out 
using !-tests: where appropriate, the Mann-Whitney 
U-test was used as an alterna tive. The mean number 
and weight of food items in the guts of larvae of differ-
ent lengths were compared by ANOVA and, where 
appropriate, the Kruskal-Wallis test. Because LHPR 
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Larvae 
with 
food 
122 
99 
93 
15 
10 
48 
metrically distributed around a mean of zero and 
ranges from zero to +eo or -eo in cases of positive and 
negative selection, and the significance can be tested 
statistically. 
RESULTS 
Meteorology and hydrography 
In the 2 wk prior to the commencement of the cruise 
on 16 June 1996, meteorological conditions were sta-
ble, with high atmospheric pressure resulting in low 
winds and a progressive increase in air and sea surface 
temperature. Weather conditions remained relatively 
stable during the first Bongo grid (16 to 18 June) , with 
warm surface water (>24°C) over much of the sam-
pling area. Low salinity water, originating from the 
River Po, extended eastwards across the sampling 
area, with values from < 30 at the coast to >36 farther 
offshore. The combined effects of high surface temper-
ature and low salinity gave relatively high stratifica-
tion values over much of the sampled area (0 to 20 m 
t.cr, > 3 kg m· 3), with highest values adjacent to the Po 
outflow area (0 to 20 m ~cr, > 7 kg m· 3 ). 
In the period 19 to 23 June, immediately following 
the first Bongo grid, the weather over the northern 
Adriatic was dominated by a series of depressions and 
associated fronts with high winds (20 to 30 knots) and 
rough seas. Unsettled weather continued for much of 
the period be tween the 2 grids, and markedly changed 
environmental conditions were recorded on the second 
Bongo grid (2 to 4 July). which was carried out during 
a break in the weather. Surface tempera tures were 
lower (> 22•q a nd more uniform throughout the sam-
pled area than on the first grid. Despite the increased 
wind mixing the pattern of surface salinity was similar 
to that of the first grid, but with the areas of lowest 
salinity (<32) more immediately loca lised around the 
Po outfl ow, refl ecting the increased river run-off asso-
ciated with precipitation during the period of poor 
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weather. Slraillication was lower than on the 
first grid, but still appreciable over much of 
the survey area (0 to 20 m l\cr1 > 2 kg m-3). 
Several days of unsettled weather followed 
the second Bongo grid, with conditions gradu-
ally improving until the end of sampling on 
12 July. 
Diurnal feeding pattern 
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Clupeoid larvae are particularly suscepti-
ble to evacuation (regurgitation or defaeca-
2.4-2.9 4-4.9 6.0.9 
Length category (mm) 
8-8.9 10-10.9 
tion) of their gut contents during sampling 
and preservation (Arthur 1976). Conse-
quently, while examination of gut contents 
will indicate the number of larvae containing 
food and the range of species consumed, it 
Fig. 3. Engraulis encrasicolus. Percentage incidence of anchovy larvae 
containing food in relation to larval length sampled on the 2 Bongo 
grids, based on day samples contammg > 10 larvae. n = total numbe r of 
may not provide an accurate quantitative 
measure of food intake. Of the total anchovy larvae 
(2.4 to 10.9 mm in length) examined from both Bongo 
and LHPR sampling, 889 contained some food 
remains, but in only 2 la.rvae was there any food in 
the fore-gut. In all other specimens the food was in 
the mid- and hind-guts. 
No larvae containing food were sampled from the 
Bongo grids between 21 :34 and 04 :37 h (Fig . 2) . These 
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F1g. 2 Engraulls encraslcolus. Diurnal feeding mc1dence of 
anchovy larvae sampled from the 2 Bongo grids (Gnd I , 16 to 
18 June: Gnd 2, 2 to 4 July) plotted as the pe rcentage of lar-
vae With food in their guts for samples conlaming > 10 larvae . 
Tunes of sunnse and sunse t are mdicated . N =total number of 
samples, n = totaJ number of larvae exammed 
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larvae on which the observations are based 
times corresponded closely to sunset and sunrise times 
of -21 :00 and -05:30 h respectively. Although there 
was agreement between the 2 grids in the timing of the 
larval feeding period, there was considerable variabil-
ity in the per-centage of larvae containing food at dif-
ferent times of the day, with no clear pattern being evi-
dent. Overall there was no significant difference 
between the 2 grids in the percentage of larvae con-
taining food during daylight hours (Grid 1, 39.7 ± 
2.37 % and Grid 2, 38.5 ± 4 .16 % ; Mann-Whitney V = 
294, df = 47, p = 0.644). 
Feeding lncidence and intensity in relation to length 
Considering samples taken during the day, feeding 
incidence decreased with increasing size of larvae to 
larval lengths of 5 lo 5.9 and 6 to 6.9 mm on Bongo 
Grids 1 and 2, respectively (Fig. 3). Feeding incidence 
was then at a more constant level on both grids. 
although there was an mcrease on Grid 1 for larvae at 
10 to 10.9 mm in length. 
The maximum number of food organisms found in an 
individual larvae was 17 in a larva of 5 .1 mm in length; 
otherwise the gut contents comprised mostly between 
2 and 10 organisms, with a mean of between 1 and 
4 organisms per larva containing food (Fig. 4a) . The 
feeding intensity per larva containing food was not sig-
nificantly different between the diffe rent larval length 
categories (ANOVA, F8 m= 1.16, p = 0.320). but was 
significantly different between grids (/-test, /500 = 3.26, 
p = 0.001 ). The mean number of organisms per larva 
was 1.96 (± 0.089) on Grid I and 29 % higher at 2 .53 (± 
0 .167) on Grid 2. 
As an indication of changes in the weight of gut con-
tents in relation to larval le ngth, numbers of food 
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Fig. 4. Engraulis encrasicolus. Gut contents pe r anchovy larva 
containing food sampled on the 2 Bongo grids, plotted by lar-
vallength as (a) mean number and (b) mean dry weight. Error 
bars show :t: I SE 
organisms were converted to dry weight (Table 2, 
Fig . 4b) . In both grids the mean weight of food in the 
guts remained relatively unchanged at around 0.5 pg 
pe r larva containing food , up to a la rval length of 
7.9 mm, and then increased in the la rge r larvae. The 
mean weight of food organisms per la rva was signi-
ficantly diffe rent between larval length ca tegories 
(ANOVA, F8 471 = 5.86, p < 0.001) but did not diffe r sig-
nificantly between grids It -test. I m = 1.38. p = 0.167). 
The mean weight of gut contents of larvae conta ining 
food was 0.52 I± 0.025) pg on Grid I and 12 % highe r at 
0.58 (± 0.037) 1-19 on Grid 2. 
275 
225 n = 999 
'E 
2: 175 
~ 
i5 
i 
'0 125 
8 
u.. 
75 
::::t:::.::::;cnr:nL~:-~ ::- -r -:::::.:=r::: -:-:: 
.:::::::-_-:.::.::~'"'!1..:::.. -·:::-::\· 
25 
2 3 4 5 6 7 8 9 
Larval length (mm) 
·= c 
J. 
10 
Table 4. Engraulis encras1colus. Diet of anchovy la rvae 2.4 to 
10.9 mm in length, as the percentage feeding incidence on 
each food category. by feeding larvae. on each Bongo grid. 
+: values < 0 .5 ~. 
Food organisms Gnd I 1%) Grid 2 1%) 
Copepod eggs and nauplll 
Copepod eggs 73 1.1m in diameter 11 9 
Ca/anus spp. eggs 183 1.1m in diameter 3 
Catanoid nauplii 45 15 
Cyclopoid nauplii 43 61 
Harpacticoid nauplii I 9 
Copepod copepodltes 
Ca/anus spp. 
ParaJPseudoiC/ausocalanus spp. I 
AcarUa spp. 2 
Centropages spp. 
Calanoid copepod rematns 7 2 
Oithona spp. 20 26 
Oncaea spp. 2 
Corycaeus spp. 
Unidentitied cyclopoid copepod + 
Unidenlilied harpacticoid cope pod + 
Other organisms 
Cladoceran remains + 
LameUibranch larvae 3 
Larvacea 
Tintinnids 
Unidenlitied remains 2 13 
Size of food 
The re was a progressive increase in the maximum 
size of food organisms ingested with increase in la rval 
length, but at the same time smalle r organisms were 
still taken (Fig . 5) . The smallest sized organism identi-
fied in the gut contents of the anchovy la rvae was a 
lintinnid of 27 pm width and the largest a copepod 
copepodite of 275 llm cephalothorax width. 
Dietary composition 
11 
Fig 5. Engraulis encrasicolus. Widths of individual food items taken by 
anchovy larvae lrom combmed samples of the 2 Bongo grids. n = number 
of organisms measured 
The diet of anchovy larvae taken in the 
Bongo sampling was predominantly the 
developmental stages of copepods, includ· 
ing eggs, nauplii and copepodite stages 
(Table 4). Copepod naup lii were the most 
numerous component of lhe die t. Some of 
the more characteristic nauplii , such as the 
calanoid Temord spp. and the harpaclicoid 
Microsetella spp .. could be iclenlified in lhe 
gut contents even when well dtgested. 
However. the othe r nauplii we re poten-
tta lly from a wide range of species and 
cou ld not be routine ly identified with cer-
tainty. Most of the harpacticoid copepod 
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Table 5. Mean concentration (no. l 1) of the preferred food organisms 
of anchovy larvae 2.4 to 10.9 mm m length taken in the 53 1.1m 
samples on the 2 Bongo grids 
grids. Between Grid I and Grid 2 there was a 
reduction of 73 % in mean concentration of 
copepod eggs. a 54 % reduction in calanoid 
nauplii and a 61 % reduction in other copepods. 
However, contrary to the increase shown in the 
diet or anchovy larvae, there was a 52 % reduc-
tion in Oithona spp. in the plankton. These 
changes were all significantly different (t-test, 
p < 0.001). Numbers of cyclopoid and harpacti-
coid nauplii were not significantly diffe rent 
between the 2 grids (p > 0.05). The mean over-
all concentration or the preferred food organ-
isms was significantly reduced by 4 t % in Grid 
2 compared to Grid 1 (p = 0.007) . 
Orgamsms Mean concentration (95 % Cl) 
Grid I Grid 2 t , ' " p 
Copepod eggs (73 pm) 8.1 2.2 5.49" <0.001 
(5.9- 11.2) ( 1.7 -2.7] 
Calanoid nauplii 22.2 10.3 6.37• <0.001 
(17. 1- 29.0) (8. 1- 13.3) 
Cyclopmd nauplii 33.1 28.4 4.69 0.327 
(23.2-43.0) (17.7- 39.1) 
Harpacticoid nauplii 1.4 1.2 0 .70 0.487 
(0.9-1.9) (0.7- 1.7) 
Oithona spp. 25.7 12.3 5 .97• <0.001 
(20.0-33.0) (9.9- 15.4) 
Other cope pods 19.0 7.4 8.11" <0.001 
(15.2-23.7) (6.3-8.7) 
Total organisms I 10.1 64 .5 2.74 0.007 
(82.8-137 .4) (45.9-83.1) 
"Data were log transformed for statistical analysts 
nauplii were probably of non-pelagic species, since, 
apart from Microsetella spp., few harpacticoid cope-
pods were taken in the plankton samples. The cope-
pod eggs 73 IJm in diameter were possibly AcarUa or 
Temora spp. Only in larvae from the LHPR samples 
were the additional food items, these being the 
dinoflagellate Peridinium spp. and pollen grains, 
found in low numbers. Most of the copepod eggs, 
lamellibranch larvae and Peridinium spp. showed lit-
tle signs or digestion, while other orgarusms were 
digested to varying degrees. 
Diet in relation to food availability 
There was a clear difference in the percentage inci-
dence or dtfferent food organisms in the diet of feeding 
anchovy larvae between the 2 Bongo grids (Table 4). In 
Grid 1, calanoid and cyclopoid nauplii were of similar 
importance in the diet, while harpacticoid nauplii were 
rarely taken. In Grid 2, feeding incidence on total 
copepod eggs, calanoid nauplii and copepods other 
than Oilhona spp. was reduced compared with Grid 1, 
while it increased for cyclopoid nauplii, harpacticoid 
nauplii and Oithona spp. 
When species analysis of all 53 IJm Bongo samples, 
taken at the same lime as the 280 1Jm samples for 
anchovy larvae (Table 1). were compared between 
the 2 Bongo grids. a change in the abundance of the 
preferred food organisms in the plankton was noted 
(Table 5). Thts change was simtlar to the dietary 
changes of the anchovy larvae observed between th e 
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Changes In the composition of diet with 
larval length 
Copepod eggs and nauplii were taken by a 
wide size range of larvae, both of these dietary 
components diminishing in importance as the 
dietary range broadened with increasing larval 
length (Fig. 6). With increase in length, larvae took 
progressively larger food items, first the small 
cyclopoid copepod Oithona spp. and then other larger 
copepod copepodites . The most apparent difference 
between the 2 Bongo grids was the shift to larger 
larvae feeding on Oithona spp. between Grids 1 
and 2. 
Vertical dis tribution of anchovy larvae and 
zooplankton 
Six LHPR hauls (Table 3) had sufficient la rvae to 
compare the vertical distributions of larvae and poten-
tial food orgarusms (Fig. 7). The plots are restricted to 
data in the upper 18 m of the water column since this is 
the depth range in which most larvae occurred and 
was a common depth range sampled on all LHPR 
hauls. 
LHPR Haul I (21 June) was taken after the first 
Bongo grid. when stable conditions had just given way 
to periods of strong wind mixing. Hauls 17, 19, 22 and 
23 (7, 9, 10 and 10 July, respectively) were taken after 
the second Bongo grid during a period of gradually 
improving weather Haul 26 ( 11 July) was taken during 
very settled cond1tions. On only 3 hauls (Hauls 1, 17 
and 26) was there pronounced temperature structuring 
(Fig. 7), but with near isothermal conditions in the top 
10 m of the water column. Because all LHPR hauls 
were taken during or closely followmg periods of van-
able wind mixing , and because the mertial response of 
larval feeding is not known. a direct comparison 
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Fig. 6. Engraulis encras1colus. Diet ol anchovy larvae plotted as percentage dJstnbution or the prinapal food items in each larval 
length category !or the 2 Bongo gnds. n = number or food items on which the distributions are based 
be tween feeding and hydrographic conditio ns a t the 
actual lime of sampling was not considered valid . 
Analysis was restncted to larvae within the 2.4 to 
6.9 mm length category, this being the size range 
which represented 86 % of all larvae sampled on the 
LHPR hauls. This length category of larvae had a uni-
formly restricted die t of copepod eggs, cope pod nauplii 
and copepodites of Oithona spp ., with these items 
nume rica lly compris ing 96 "io of all food organisms 
take n . 
Excluding LHPR Haul 17, larval anchovy concentra-
tions tended to be re latively low in the upper 2 m of the 
water column a nd eithe r highest just below this, 
decreasing in numbers with depth , or more evenly dis-
tribute d throughout the water column. The concen tra -
tion of preferred food items tended to be lower in the 
top 2 m of the water column than at g reater de pths 
(Fig . 7 ). Highest total concentrations of food 1tems were 
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mainly loca ted between depths of 3 a nd 10 m, varying 
in this de pth zone between 34 and 135 organisms 1- 1 on 
Hauls 1. 17 a nd 23, and at lower levels be tween 22 and 
44 organisms 1- 1 on Hauls 19 and 22. On Haul 26, strat-
iiication of food organisms was most extreme, with 
concentrations varying between 18 and 188 organisms 
1- 1• Calanmd nauplii predominated over cyclopoid nau-
pLU in Haul I but not in the other hauls. lt is significant 
that LHPR Haul 1 was taken early in the cruise 
(2 1 June) , be fore the reduction in numbers of ca lanoid 
nauplii observed in the 53 pm Bongo samples of the 
second grid (2 to 4 July) . 
O f the less important food ite ms for anchovy larvae 
2.4 to 6.9 mm in length, cope pod cope podites were 
fairly evenly distribut ed through the water column, 
with numbers varying considerably between hauls . 
La mellibranch larvae occurred in high numbers in 
most of the hauls, in concentrations up to 157 1-I Pen-
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Fig. 7 . Vertical distribution of potential food 1tems for anchovy larvae (2.4 to 6.9 mm in length). from 53 J.lffi mesh LHPR samples 
for the 6 hauls on wh1ch there were adequate numbers of anchovy larvae. Verllcal distribution of anchovy larvae from the 200 J.lffi 
mesh LHPR samples on the same hauls and temperature structure of the water column are also shown. AL: anchovy larvae; CYN: 
cyclopoid nauplu; CN: calanmd nauplil; CE: copepod eggs (73 J.lm); HN: harpaclicoid nauplii; OC: other copepods; 0 : 01thona 
spp.; P: Peridimum spp.; L: lamellibranch larvae; TP: total potential food orgamsms 
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dinium spp. were found throug hout the water column 
but tended to be present in highest concentrations, up 
to 85 1- 1, within the upper 10 m. 
Comparisons be tween hauls of the highest concen-
trations of total potential food organisms in the individ-
ual 2 m depth intervals showed a va riation of 18 1- 1 
(LHPR Haul 19) and 200 1- 1 (LH PR Haul 17). The over-
a ll vertical distribution of food items was in most cases 
relatively uniform and showed no clear corresp on-
dence with temperature structure . 
Changes in·feeding success In relation to depth 
sampled and food concentration 
There were insufficient numbers of anchovy larvae 
on any individua l LHPR ha ul (Table 3) to permit a 
within-ha ul comparison of feeding success and con-
centration of the preferred food organisms (copepod 
nauplii, cope pod eggs and Oithona spp.) by depth . For 
this analysis it was the refore necessary to pool the data 
from samples with > 10 anchovy larvae per sample for 
the 6 LHPR hauls. This provided 28 samples with 
797 larvae for statistical analysis. 
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For these combined hauls/samples, food concentra-
tion did not vary significantly with de pth be tween the 
surface and 18 m d epth (r2 = 9.4 %, F1.26 = 2.70, p = 
0.112), these 2 variables being subsequently treated as 
independent. However, there were significant nega-
tive relationships be tween depth and both the percent-
age of larvae containing food (r2 = 40.4 %, F t. 26 = 17 .62, 
p < 0.001; Fig . Sa) and the mean number of food items 
in the gut contents (r2 = 16.2 %, F1.26 = 5.04 , p = 0.033; 
Fig. Bb). There were also significant positive linear 
re lationships between food concentration and the pe r-
centage of la rvae with food (r2 = 31.5 %, F 1•26 = 11,94, 
p = 0.002; Fig. Be) and the mean number of food items 
in the gut contents of larvae (r2 = 29.2 %, F1.26 = 10.7 1, 
p = 0.003; Fig. Bd). A multiple regression of percentage 
of larvae with food using larval depth and food con-
centration as independent varia bles yielded an r2 of 
55.2% (F2.25 = 15.39, p < 0.001) and takes the form: 
a rcsine(proportion of larvae feeding) = 0.12 + 
0.42log food concentration (items l- 1) - 0.40 log depth (m) 
There was a possible interaction among variables 
(Lack of Fit Test, p = 0.007). However, the overall sig-
nificance of the multiple regression remains valid . 
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Ftg . 8 Engrau/is encrasicolus. Relattonship on the 6 LHPR hauls (Table 3) between (a) sampling depth and percentage of anchovy 
larvae containing food organism s. (b) sampling depth and mean number o f food organisms per feeding larva, tcJ ambient food con-
centration and percentage of larvae con taimng food ttems, and (d) ambient food concentration and mean number o f food orgamsms 
per feeding larva. Data for all plots are for larvae 2.4 to 6.9 mm m length from samples on the LH PR hauls containing > 10 larvae 
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Table 6. Engraulis encrasico/us. Percentage occurrence of lhe preferred food orga nisms m the gut contents of anchO\)' larvae 
2.4 to 6.9 mm in length a nd their percentage occurrence over the corresponding deplhs in the water column 111 the 53 1Jm mesh 
samples from the same LHPR hauls. Results of the Odds Ratio selectivity analys1s (± I SE) are also shown where there were 
compara tive data: • p s 0.05, •• p s 0.01, • ••p s 0.001 
Prey percentages 
Haul no. Calanoid nauplii Cyclopoid nauplii Harpacllcoid nauplii Copepod eggs (73 IJffi) Oithona spp. 
D1et Water Diet Water Diet Water Diet Water Diet Water 
column colu mn column column column 
40 34 52 17 2 3 5 3 41 
17 12 14 83 40 12 3 7 I 27 
19 25 11 58 22 10 6 2 11 54 
22 2 1 9 64 35 4 7 8 7 44 
23 56 26 19 42 14 6 3 19 15 
26 22 8 59 64 3 2 I 2 14 24 
All hauls 29 17 56 37 7 4 5 9 34 
combmed 
In of Odds Ratio 
Haul no. Calanoid nauplii Cyclopoid nauplii Harpacticoid nauplii Copepod eggs (73 IJID) Oilhona spp. 
0.27 (0.17) 1.65""" (0. 18) 
17 -0. 14 (0.23) 2.02 •• • (0.19) 
19 0.94"" (0.36) 1.58 ••• (0.29) 
22 1.05 (0.67) 1.20 " (0.51) 
23 1.27 " (0.59) - 1.15 (0.69) 
26 1.23 " (0.35) - 0.21 (0.27) 
All hauls 0.71" " " (0. 11) 0.78 " ". (0.09) 
combmed 
Thus, most of the variability in the proportion of larvae 
with food can be explained by variation in larval depth 
and food concentra tion. 
Food selection 
Based on the vertical distribu tion LHPR data , there 
were no significant differences between the relalive 
abundance of food organisms in the gut contents of 
anchovy larvae and food concentration at the same 
depth (Mann-Whitney U-test, p > 0.05). However, con-
sidering the preferred prey organisms, anchovy larvae 
(2.4 to 6.9 mm in length ) signi.ficantly selected for 
calanoid and cyclopoid nauplii and significantly 
selected against harpacticoid nauplii and Oithona spp. 
(Table 6). Copepod eggs were present in the la rval gut 
conten ts in proportion to their concentration in the 
water column. 
Al though there were inadequate data for statistical 
analysis, the few occasions when anchovy larvae fed 
on lamelli branch larvae and Peridinium spp. are of 
interest. On LHPR Haul 19, 13 % of anchovy la rvae 
with food in their guts we re noted to have fed on lamel-
libranch larvae and 4 % on Pendinium spp., all these 
anchovy larvae occurring wtthin the top 8 m of the 
- 0.78 (0.76) -0.56 (0.45) - 3.07" •• (0.42) 
-2.76" "" (0.62) - 0.89" (0.39) - 4.07" •• (0.71) 
0 .98 (0.69) -2.28 ••• (0.36) 
-0. 15 (0.94) - 2.32 " (0.88) 
0.79 (1.29) 0.29 (0.74) 
0.30 (0.78) - 0.49 (1.28) - 0.64 (0.36) 
-2.25 ••• (0.42) 
- 0 .03 (0.22) - 1.64" "" (0.14) 
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water column; on this haul there was the lowest con-
centra tion of copepod nauplii and some of the highest 
combined concentralions of lamellibranch larvae and 
Peridinium spp. in the top 8 m of all the LHPR hauls 
(Fig . 7) . On LHPR Hau122, 12 % of anchovy larvae with 
gut contents were noted as ha ving fed on Pendinium 
spp., a ll the larvae occurring within the top 8 m of the 
water column; on this haul there was the second lowest 
concentration of copepod nauplii and the highest con-
centration of Peridinium spp. in the top 8 m of aJl the 
LHPR hauls. 
DISCUSSION 
Brie f descriptions of the diet of European anchovy 
larvae have been given for the northwestern Adriatic 
Sea by Coombs e t a l. ( 1997}, for the Croatian coastal 
region of the rn.id-Adnatic by Regner ( 1971), from the 
Black Sea by Pavlovskaja ( 1961) and from Spanish 
coastal waters in the northwestern Mediterranean by 
Tudela & Palomera (1995). In a ll of these limited feed -
mg studies the diet was a res tricted range of organ-
isms, pred ominantly the developmental stages of cope-
pods, es pecially naupli i, similar to th e diet of most 
larval fish (e.g . Last 1980) . Fe rreira & Re (1993) 
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described the diet of anchovy from a Portuguese estu-
ary, but the dietary composition (> 80 % tintinnids) dif-
fered considerably from that found in more open sea 
studies. In the present study, apart from low numbers 
of Peridinium spp., phytoplankton did not appear to be 
important in the diet of first feeding anchovy larvae, 
which has been noted in other studies (Tudela & 
Palomera 1995), although Regner ( 1971) recorded 
green amorphous material in the guts of the earliest 
stage larvae. Larvae at all lengths fed on cope pod nau-
plii, and with increase in length and mouth gape also 
took larger organisms . Larval fish, as they develop, 
typically show alterations in prey size at a considerably 
lower rate than their physical capacity allows (Pepin & 
Penney 1997). Oilhona spp., which are intermediate in 
size between cope pod nauplii and larger copepod spe-
cies, were an important food item, as they are in the 
diets of a wide range of larval fish (Last 1980). While 
only small numbers of copepod eggs, lameUibranch 
larvae and Peridinium spp. were taken, these are all 
items which may resist digestion (Conway et al. 1994b) 
and usually appeared to be undigested. These organ-
isms have good nutritional potential and have been 
shown to be digested by some larval fish species (e.g . 
Bainbridge & McKay 1968, Jenkins 1987). 
Larval fish typically have a higher feeding incidence 
and intensity during the day than at night (Last 1980); 
this is associated in the majority of cases with a 
reliance on visual feeding (e.g . Batty 1987). However, 
for the larvae of most fish species, food is retained in 
the guts for at least a substantial part of the night (Last 
1980). During th1s period of inactivity they can digest 
and assimilate food efficiently (Canino & Bailey 1995). 
Anchovy larvae are unusual among fish larvae in that 
their guts were completely emptied within 30 min of 
s unset, suggesting a different energetic strategy from 
the larvae of the majority of other fish species. This 
apparent rapid passage rate of food should a llow a 
more accurate comparison of the gut contents with the 
ambient food in the plankton than for other species 
with slower gut passage rates which may ingest their 
food over a longer ttme prior to capture. 
In samples taken during the day in the present study, 
the percentage of anchovy larvae containing food 
decreased rapidly with increase in larval length up to 
about 5 to 6.9 mm in length and then levelled off 
before increasing again , at least in Grid 1. at a length 
of 10 to 10.9 mm. This observation is similar to the 
results of Arthur ( 1976). who compared the feeding 
incidence/length re lationship of Sardinops sagax and 
Engraulis mordax with that found in 5 othe r studies on 
Engraulis spp. All showed initial decreases in feeding 
incidence with length, followed by an increase from 
12 mm in length . It is possible that there is either a lack 
of sUitable food for larger larvae, which was not appar-
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ently the s ituation in the present s tudy, or that, over 
this intermediate stage of gut development, clupeoid 
larvae are particularly susceptible to evacuation of 
food as a result of sampling trauma. 
The effects of food evacuation may also be reflected 
in the mean number of organisms per anchovy larvae 
with food in their gut contents. This varied from 1.4 to 
3.3 particles per larva, with no evidence of an increase 
in numbers taken with increasing larval length. The 
observed number of food organisms in the gut contents 
of anchovy larvae is typical of most fie ld studies on clu-
peoids (Conway et al. 1994a, Viilas & Ramirez 199~) . 
However, Ferreira & Re ( 1993) recorded a higher mean 
number of food organisms in anchovy larvae, this 
being a ma.ximum of 8 food items, although these food 
particles were predominantly small tinlinnids. 
The LHPR vertical sampling demonstrated that the 
most abundant length group of anchovy larvae (2.4 to 
6.9 mm) was distributed mainly in the upper 18 m of 
the water column, with highest concentrations be-
tween 2 and 10 m depth. The preferred food organisms 
for this size group of larvae (copepod eggs, nauplii , 
and Oilhona spp.) were also most concentrated in this 
depth range, although there was considerable variabil-
ity in absolute concentration between hauls (18 to 
188 1-1) . Apart from results for I of the LHPR hauls 
(Haul 26, which was taken following a period of light 
winds) , potential food was not strongly vertically strat-
ified and would generally have required a significant 
migration by larvae to move between substantially dif-
ferent food concentrations. 
There is evidence from field studies that food avall-
abiltty can directly affect larval feeding success 
(Anderson 1994, Fortier e t al. 1995) and from experi-
mental studies that it can affect growth rate (Gotccitas 
e t al. 1996) . In the present study, while the subset of 
LHPR samples tested statistically showed no signifi-
cant difference in prey concentrallon with depth, lar-
val feeding success, as measured both by the propor-
tion of larvae feeding and the number of items in the 
gut contents, was seen to be independently related 
both to prey concentration and to the depth at which 
the larvae were sampled . Prey concentration appeared 
to affect food intake only at levels below -50 food par-
ticles I 1• However, even at low food concentrations, 
larvae were not necessarily subjected to nutritional 
deprivatiOn, since there remains the balance between 
food mtake, gut passage rate and assimilation effi -
ciency to be considered (Govoni e t al. 1986). 
The reduction in feeding success with depth is 
interpreted as not being due to gut evacuation due to 
differences in time spent in the sampling net, since on 
all LHPR hauls the surface samples were collected 
first. It may be re lated to a reduction in light levels, 
wh1ch can affect larval feeding activity (Batty 1987). 
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However, it is surpnsmg that this possible feeding/ 
depth relationship was observed at such shallow 
depths (0 to 18 ml. although light reduction in the 
highly turbid superficial waters of the northern Adri-
atic (Justii: 1988) might be sufficient to affect feeding 
performance. Alternatively, it is possible that the lar-
vae without food at depth were larvae in poor condi-
tion. Starvation in gadoid larvae results in increased 
buoyancy due to increasing tissue water content and 
decreasing protein levels (Frank & McRuer 1989), so 
that larvae in poor condition can be found distributed 
towards the surface. However, when they suffer 
osmoregulatory" failure they tend to become less 
buoyant and occupy a deeper position in the water 
column (Sclafani et al. 1997). 
Fish larvae do not feed indiscriminately, particular 
organisms being taken selectively, and eo-occurring 
species can have completely different diets (Last 1980). 
Lamellibranch larvae and Peridinium spp. were tre-
quently abundant in the plankton, yet were only taken 
by small larvae (2.4 to 3.9 mm in length) when avail-
ability of other food was low and the concentration of 
lamellibranch larvae and Peridinium spp. was high. 
Similar selectivity has been noted for cod larvae (Munk 
1995), which were less discriminating when food was 
scarce. Evidence for a high degree of feeding discrimi-
nation in fish larvae has been shown by selection of 
copepod nauplii even at the species level (Hillgruber 
et al. 1995). possibly due to differential perception by 
larvae resulting from variations in nauplii swimming 
behaviour (Paffenhofer et al. 1996). For anchovy larvae 
2.4 to 6.9 mm in length, calanoid and cyclopoid nauplii 
were selected in preference to harpdclicoid nauplii 
and Oithona spp. However, motility is not an essential 
pre requisite for feeding, since copepod eggs which 
were only present in the plankton in low numbers 
were taken in the same proportions as they were avail-
able. 
Following the period of increased wind mix ing 
between the 2 Bongo grids, there was a marked over-
a ll change in the plankton in concentration (41 % 
reduction) and relative composition of the principa l 
food items of larvae 2.4 to 10.9 mm in length. It is not 
known whether these changes were due to advection 
or to disruption of zooplankton production. Observed 
changes were clearly reflected in the diet of anchovy 
larvae; in Grid 2, larvae compensated for reduction in 
numbers of calanoid naupl.ii and 'other copepods' by 
increasing their intake of cyclopoid nauplii and 
Oithona spp. Dietary flexibility of fish larvae in 
response to differing species composition of available 
food has been detected in other situations, for example 
over several months in an evolving plankton commu-
nity (Last 1980), in adjacent water masses within and 
outwith a river plume (Govoni & Chester 1990) and 
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where there are inte rannual changes in food composi-
tion (Anderson 1994). 
Strong wind mixing is generally considered to lead 
to increased mortality in fish larvae (Lasker 1975, 
Peterman & Bradford 19871. possibly as a result of 
poor feeding success due to dispersal of food concen-
trations. In the present study, the vertical distribution 
of total potential food organisms was reasonably uni-
form under a range of wind mixing conditions. 
Despite the lower overall food concentration on the 
second grid, feeding success was not reduced and the 
mean number of food organisms taken by anch~vy 
larvae was significantly higher. However, the increase 
in food intake may not represent enhanced feeding 
success, because the estimated weight of food was not 
significantly higher. This was due to replacement of 
calanoid nauplii in the diet by greater numbers of 
smaller, lighter cyclopoid nauplii. There may even 
have been a reduction in nutritional quality due to 
consumption of greater numbers of these smaller nau-
plii, since on a consideration of the ratio of surface 
area to volume they will have a greater proportion of 
indigestible exoskeleton. Additionally, there may 
have been a higher energetic expenditure in the cap-
ture of greater numbers of smaller prey. Energetically, 
there was probably little diffe rence in feeding success 
before and after the period of increased wind mixing 
and thus no evidence, under the particular environ-
mental conditions studied, that the substantia l 
changes in food concentrations observed would have 
modified overall larval mortality. 
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Abstract As part of a ··European Sardine/Anchovy 
Recrui tment Program" (SARP). sardine larvae (Sardina 
pilchardus) were sampled olf the Atlantic coast of Spain 
through the spawning season from March to June. The 
larvae were analysed for ca rbon and nitrogen content as 
a measure of nutritional condition and survival poten-
tial. There was no significant diel variation in larva l 
ca rbon content . but there was a small significant diel 
~ariation in ni trogen; the absence of a strong diel signa l 
tn elemental composition was ascribed to the overnight 
retention of the gut contents. There was an increase in 
carbon con tent with increase in body length which 
reached an asymptote at "'40% carbon content at a 
larval length of.20 mm. lt is argued that larvae with a 
carbon content of < 25% of body wei!!ht were nut ri-
tionally stressed. with the smaller larva~ ( < I 0 mm in 
length) appearing to be more vulnerable to food limi-
tation. Although larvae wi th the lowest age-specific 
carbon content (poorest condition) occurred on the 
cruise with the lowest food availability. there was no 
consisten t relationship between ca rbon ~on tent and food 
availability. While the successive monthly estimates of 
carbon content revealed differences in potential recruit-
ment between months. the e were not related to the 
birth-da te distribution of the surviving juveniles. 
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Introduction 
Investigations of vanauons in fish-stock recruitment 
often include morphometric. histological or biochemical 
assessments of the nutritional condition of fish larvae 
(see Ferron and Leggctt 1994). The implicit hypothesis 
under test has been that food availability is a deter-
mining factor in survival of the larval stages (e.g. 
~uckley and Lough 1987), whether directly by stana-
llon due to low food availability (e.g. Anderson 1994: 
Fortier et al. 1995). or ind irectly through a decrease in 
the growth rate (e.g. Gotceitas et al. 1996; von Wcst-
ernhagen et al. 1998) thereby prolonging the period of 
vulnerability of the early development stages to preda-
tion (Bailey and Houde 1989). Analyses of larva l con-
dition. taken as measures of incipient sta rvation. are 
then used in empi rical correlations with indices of 
plankton abundanct: and hydrographic events (e.g. 
Hakanson et al. 1994: Theilacker et al. 1996). The 
development of techniques for ageing fish larvae wtthm a 
season using otolith daily growth-rings (Brothers et al. 
1976), has allowed an extension of such studies to in tra-
seasonal events (e.g. Campana 1996). 
The practica l application of the various methods of 
condition assessment has been encompassed in a series 
of parallel ··sardine Anchovy Rec ruitment Programs .. 
(SA RP) . designed to relate clupeoid survival a t the 
juv~nile stage to hydrobiologica l conditions experienced 
dunng la rva l de elopment (I nternational Oceano-
graphic Commission 1989). A part of a European 
SA RP. a series of cru1se were undertaken in 199 1 and 
1992 to stud y the sun i\·al of larvae of sardine (Sartlina 
pil~llardus) off the north and north-west coasts of Spain 
(Lopez-Jamar et al. 1995). In the pre enl study. the 
results from carbon and nitrogen analysis of sa rdine 
larvae are presen ted and d iscussed in relation to envi-
ronmental conditions and larval su rvi val potentia l. 
The rationale for using elementa l analysis as an 
indicator of nutritiona l condition is based on a number 
of experimental studies which have demonstra ted the 
36!! 
Table I Cruise dates and sampling informa tion I So. lltiiWIIJ number of 'tat ions at which lan a~ were ~ampled: .\ 'o. larrat' numhcr of 
larvae analysed for carbon and nitrogen) 
Sh1p Dates '\o. stauons :-.:o larvae 
B.O. "'Cornide de Saavedra .. 17 Apnl 12 May 1991 27 91 
B.O. "'Cornide de Saavedra .. 6 20 March 1992 I, S6 
B.O. "'Cornide de Saavedra·· 31 March- 15 April 1992 2-l 11.1 
F.S. ··valdivia"' 10-25 May 1991 
R. R .S. "'Challenger .. 28 Ma) - 8 June 1992 
validity of carbon and nitrogen in assessments of the 
condition of fish larvae: e.g. grunion (Leuresthes temtis: 
May 197 1 ). herring ( Clupea lwrengus: Ehrlich 1974a: 
Checkley 1984). plaice (Pieuronectes platessa: Ehrlich 
1974b). walleye pollock (Theragra clwlcogramma: Harris 
et a l. 1986) and blenny (8/ennius pal'o: von Westernh-
agen et a!. 1998). Practical advantages of elemental 
ana lysis are that it is rela tively insensitive to post-
monem deterioration (which is a problem with some 
other methods: Lochmann et al. 1996) and automated 
ana lysis methods a re readily avai lable. 
Carbon and nitrogen show a more or less gradual 
decrease with duration of starva tion. although the met-
abolic pathways through which they are derived are 
complex and may differ between species and life slages 
(Ferron and Legge tt 1994). One conclusion has been 
that. due to parallel variat ions in carbon and nitrogen. 
the ratio between these two elements may be of less 
va lue as a condit ion index than pe rcentage composition 
of each element separately (Ehrlich 1974b). Further-
more, changes in the body composition of carbon are 
more sensitive to feeding level than nitrogen (May 197 1: 
Fig. I Sampling grid m 1991 and 1991. showing stauon positions and 
number of crUises on wh1ch Sardma prlclwrdus lanae wer<' obtamed at 
each station for elemenwl analysis 
+ 
+ + + + + 0 
+ 0 0 + 
:;) + <D ® 0 
44°N + ® c ® 0 
+ 
+ 
0 
J9 I-ll 
30 1-lJ 
Ehrlich 1974a. b) . re flecting preferent ial metabolism of 
lipids before proteins under feed ing stress (Ha rris et a l. 
1986). 
Materials and methods 
Sampling was carried out olf the north and nonh--.est coasts of 
Spam during a prelimmary cruise in April Ma~ 1991. and during 
the main series of four cruises bet\\een March and June 1992 
(Table I). On each crUise. sampli ng was based on a series of sta-
tions at spacings of 8 nautical miles ( 14.8 km) along transects 
~10 nautical miles 1.n km) apart e~tending out from the coast 
(Fig. I). At each stat1on. hydrographic observations were obtained 
by a CTD (conductil 11}-temperature-depth) cast together wnh 
plankton sampling \\Hh a 50 cm-d1am Bongo net (200 fiiD·mesh 
aperture) on oblique tows at 1 to 3 knots to 100 m depth or to 
within 10 m of the bollom. A nowmeter was filled to one side of 
the Bongo nets to m~a,ure the volume of water filtered. and a depth 
sensor was al!ached to the frame to record the maximum depth 
sampled. In order to 1ntmmise damage to the lanae. soft. panwll)· 
fiherin~ cod-end ba~s \\ ere used. 
On -completion of a plankton to". the nets "ere rinsed brien~ 
~fore removal of the cod-ends. and the samples were sorted for 
Sardina pilclwrdus I;I!Yae to be used in a range of condition 
anal ~ses (McFadzen et al. 1997: Chicharo et Jl. 1998). This pro-
cedure was completed as quickl) as poss1ble (\lithm - 10 min from 
net recO\e~ l to m1mm1se post-mortem detenorauon. Specimens 
for elemental anal ~ s 1s 11ere measured under a bmocular microscope 
+ Cantabnan Sea 
0 + + ::> <D 0 + + + + + 0 0 ® <D 
0 + 0 <ll ® 
+ + ASTURIAS 
43° 
+ + 
Number of positive 
sampling occasions 
+ 0 
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( total lenl!th to nea rest 0.1 mmJ. and transferred md1viduallv w1th 
the mtni~um of ad herent water to plastic companmented ·trays. 
They were then dned and stored mer silica gel in a des1ccator 
cabtnet at room temper.nure. Lanae were not nn~cd 1n fresh "ater 
prior to presen auon. since rinstng do.:s not neccssaril ~ en ure the 
mo:.t accur:lle subsequent we1ght determinauons (Con\\J~ and 
Robins 1991). 
Over a period of se\"eral mon ths subsequent to the cruise. the 
lar\"ae were transferred to pre-\\c ighed tin cups for dry weight 
determination tCahn ~5 electrobalance). followmg a standard rapid 
procedure to mmimise moisture uptake by the lanae. Carbon and 
nitrogen anal~si> "as then earned out using a Carlo-Erba model 
NA 1500 Senes 2 elemental anal~ ser. with acetanylide as the cali -
bration standard. All resu lts for percentage carbon and n1trogen 
are expressed as percentage composnion of body dry weight. The 
carbon.length regressions were compared by an anal~sis of 
covariance. 
Results 
Distribution an9 abundance of larvae 
The mean dist ribution and abundance of all Sardina 
pilclwrdus lan·ae sampled (length range 4.0 to 23.4 mm. 
mean = 10.4 mm) on the four cruises in 1992 is shown in 
the contour plot of Fig. 2. The majority of larvae were 
collected along the north coast of Spain. where there 
were two main centres of abundance, one off Santander 
and the other west of Gijon. A secondary centre was 
evident in the Gulf of Biscay in the extreme east of the 
ampled area . A notable fea ture is the northwesterly 
offshore-directed tail of the distribut ion off Cape One-
gal. For a detailed description of the 1992 larval distri -
butions see Lopez-Jarnar et al. ( 1995). A simi lar 
di tribution pauern \\as ob en·ed for the more limited 
sampling in April ~l a) 1991 (l opez-Jamar et al. 1991). 
Carbon:nit rogen relationship 
The percentage carbon and nitrogen composition for all 
analysed sardine lanae from 199 1 and 199::! showed a 
parallel va riation in these two elements. both increasing 
with larval length. such that the ra tio o f carbon:nitrogen 
Fig. 2 Sardma ptf< lu~rd11< Cl.lntuur<'\.1 mean d1:.tnbution .md abun-
dance of all "><lrdme lal"\ac ><tmpkd CIO the four) !)!)~ \:rUI>CS combined 
!sec Fig I for :.tauon IX»lliOn>l 
J6'1 
mried around a value of 4 (Fig. 3). The spread of car-
bon:nitrogen va lues at the sma ller lengths may be partly 
a reflection of the potentia lly greater proportional error 
in weighing and tissue Ios during ample manipula tion 1 
of the smaller specimens. Because of the similar varia-
tion in carbon and nit rogen, and since carbon is gener-
ally considered to be a more sensitive index of larval 
condition than nitrogen (Ehrlich 1974b), the subsequent 
results are presented mostly in terms of ca rbon. 
Day/night ,·aria tion 
There was no clear diel pa ttern in changes in carbon or 
nitrogen content of sa rdine larvae (Fig. 4). A compari-
son of results for larvae sampled during the day 
(11 = 380) with those sampled at night (11 = 194) 
re\ealed no significant difference in the proportion of 
body carbon (mean: 31. 10 ± 0.33 day. J I. 77 ± 0.42 
night: Student"s 1-test: 1 = 1.2 1, p = 0.22). However. 
la rvae from night samples had a small but significantly 
higher nitrogen level than larvae sampled during the day 
(mean: 8.::!7 ± 0.09 day. 8.57 ± 0.11 night; 1-test: 
I = 2.08. p = 0.04). 
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Flg. 4 Sardina pilchardu.s. Mean ( ± I SE) percentage carbon and 
nit rogen (m o-ho urly sampling periods). plotted at mid-point of each 
llme penod. for all sa rdine larvae analysed (n = 574) in 1991 and 
1992. Dawn '~as between 04:42 and 06:54 hrs and dusk between 18:18 
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Carbon/length relationships 
The relationships between carbon composition and 
length of larvae on the single cruise in 1991 and on the 
four cruises in 1992 are shown in Fig. 5, with fitted 
regression lines (Table 2). Based on the regression 
values. larvae were in similar condition on the March, 
March/April and May/June 1992 cruises (slopes and 
intercept not significantly different at p > 0.5). Larvae 
on the Aprii /May 199 1 cru ise had a grea ter proportion 
of carbon compared with all the 1992 cruises, the car-
bon 'length relationships for larvae from April May 1991 
being ignificantly different (a t p < 0.01) from all other 
groups of larvae (except that the slo pe was not signifi-
c:mtly different from the May June 1992 cruise). Results 
for la rvae from the May 1992 sampling period showed 
both a significant ly (at p < 0.0 I) steeper slope and 
lower intercept compared wi th all the other cruises: i.e. a 
lower percentage carbon for the small larvae and higher 
percen tage for the larger larvae. This result was largely a 
reflection of the low carbon values for a high proportion 
of larvae < 10 mm in length . 
Geographu.:a l variation 
Insufficient data were available to distinguish regional 
pallerns of carbon con tent on individual cruises. and it 
was only possible to show geographica l va riations based 
on the pooled data from all the 1992 cruises (Fig. 6). 
These re~ults are pre ented as the contoured residuals 
from a single carbon length regression for all specimens 
from 1992 (i .e. showing posi tive and negative deviations 
allowing for larval length differences). Two areas of 
re latively high larval carbon content !i.e. good nutri-
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tional condi tion) are apparen t alon·g the north coast. one 
in a central section ofT Gijon and the other further to the 
east off Santander. Bilbao and San Sebastian. The dis-
tribution of la rval abundance in these two areas (Fig. 2), 
is similar, but not identica l. 
Discussion 
Various techniques have been used to assess the condi -
tion of fi sh larvae. Some, such as gut-enzyme activity 
(e.g. Ueberschti r 1995), a re indica tive of patterns of rel-
atively short-term feedi ng activi ty. whereas others, such 
as lipid levels (e.g. Hiikanson et al. 1994). represent 
energy accumulation over a longer period and may 
therefore be more relevant as integrated indices of 
survival potential. Carbon content responds io short 
periods of food deprivation. for example in the blenny 
8/ennius pavo and plaice Pleuronectes plaressa (von 
Westernhagen et al. 1998). and also shows a progressive 
decline over extended periods of food deprivation. for 
example when larvae of grunion Leures thes tenuis (May 
1971), herring Clupea harengus (Ehrlich 1974a) and pla-
ice (Ehrlich 1974b) are starved for ...... 20 d . However, since 
the source of carbon utilised during starvation varies 
both with larval species and developmental stage (Ferron 
and Leggett 1994), and the mobilisation process is not 
well documented. carbon content can be regarded only as 
a gross index of condition. Despite these reservations and 
the lack of laboratory validation for Sardina pilchardus 
larvae, there is still a sufficient basis fo r using carbon 
content as a measure of their nutritional condition. 
Lochmann et al. ( 1996) estimated that in larval cod 
(Gadus morhua) an average of 56% of total body lipids. 
and thus a large proportion of the total body carbon 
content. could be derived from the gut contents. In the 
present study. although it was not feasible to exc lude the 
gut contents. the potential va riability and bias intro-
duced from th is source may have been less of a problem. 
because bo th the typical number of food orga nisms in 
the gut contents of field-caught sardine larvae is low 
(Conway et al. 1994) and there is a significan t reten tion 
of food in their guts at night. This low level of diet 
feeding-variability is reflected in the absence of any clear 
day night ignal in carbon and nitrogen content. Diet 
changes in RNA:DNA ratios of sardine larvae were 
obtained by Chicharo et al. ( 1998). but this diet va nation 
was a cribed to an endogenous rhythm of RNA pro-
duction rather than to any altera tion in nutritional 
condition. 
The ob erved increase in percentage carbon compo-
sition with increasing body length is common for fish 
larvae (May 197 1: Ehrlich 1974a. b) and other organ-
isms during ea rly development. when rapid morpho-
logical change and energy storage take place (e.g. 
copepods: Bottrell and Robins 1984). Some element of 
the obscn ed increase in proportion of bod~ carbon may 
also be due to preferential mortality of specimen~ in 
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poor condition and. hence. with a lower carbon content. 
In sa rdine larvae. carbon content stabilises at ..... 40°o by 
"'20 mm in length. consistent '' ith similar values (35 to 
44° o) for the carbon con tent of other healthy !ish larvae 
(May 1971: Ehrlich 1974a. b: Harri · et al. 1986). In 
making comparisons between small larvae. it is impor-
tant to allow for the va riation in ca rbon content with 
body length. However. all condition ind ices which 
include length parameters are susceptible to problems 
associated with changes in gro" th rate due to stana tion 
97 
(von Westernhagen et Jl. 1998). so that length can be a 
relatively poor estimator of developmental age. 
Based on the obserwd carbon/ length relation hips. 
the smaller larvae sampled on the May 1992 cruise were 
Table 2 Sardma pih ltard11< Regresston ~a lues for carbo n tenglh 
relauonships 
Crutse SI,,~ lSE) lnlen:epl (SE) R: 
April May 199 1 ox 10.0-10) J0.5 1 (0.46) 0.65 
March 1992 0.~~ 11!.095 ) 24.29 ( 1. 18) 0.69 
March April 1992 O.t-' I 0.063) 25.75 (0.92) 0.76 
Ma) 1992 I :'~ (0. 1~) 12. 11 (I.J4) 0.69 
Ma~ June 1992 0.!><1!0.12 ) 24 46 ( IJ2J 0..12 
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Fig. 6 Sardina pilchartl•u. Contoured residuals of carbon content 
from carbon length regression: for pooled data the four 1992 cru1ses 
(see Fig. I for station posit ions) 
in significantly poorer condi tion than on the other 1992 
cruises, and the larvae from the April 'May 1991 cruise 
were in the best condition overall. There is some corre-
spondence between these relative-condition assessments 
and food availability (Conway et al. 1994): for example, 
the lowest food availability in 1992 was observed on the 
May cruise (mean of 7.1 food particles 1- t). with carbon 
analysis showing larvae in the poorest condition. Con-
ve rse ly. the highest food availability (21.6 particles 1-t) 
was recorded on the May/June 1992 cruise. when larvae 
were in intermediate condition, and the lowest food 
availability was on the Aprii1May 1991 crui se (7.0 par-
ticles 1-t). when larval condition was highesr. The lack 
of any clear relationship between food availability and 
larval condi tion may not be particularly surprising 
considering the generalised nature of our data. which do 
not take into consideration such details as fine-scale 
distributions and predator prey contact rates (e.g. Rot-
hschi ld and Osborn 1988). and an imprecise knowledge 
of the latency of the response of carbon content to food-
deprivation . 
Along the north coast. there was some correspon-
dence between the geographical dtstribution of areas of 
higher larval carbon content. indicating larvae in good 
nutritional condition. and the areas of higher larval 
abu ndance. An associat ion between larval condition and 
abundance might be expected. in view of the enhanced 
survival potential of la rvae w;th a higher carbon con-
ten!. A similar functional relationship between the geo-
graphical distribution of food ava ilability and positive 
length-specific carbon would also be expected. but this 
was not apparent from the limited plots of food abun-
dance and potential food (chlorophyll a. bioma s and 
particulate volume) presented by L6pez-Jamar et al. 
(1995). 
The relatively poor condition of larvae sampled in 
lay J992 large ly reflects the predominance of specimens 
< 10 mm in length with a ca rbon content of < 25% of 
body weight. Such values. which also occurred sporad-
ically in other months (for example March and May 
June 1992). a re well below the characteristic carbon 
composition of > 25°'o for fish larvae and other zoo-
plankton (e.g . Ehrlich 1974b: Hirota 198 1: lkeda and 
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Skjoldal 1989). Even in the absence of experimental 
validation specifically for sardine larvae. such low car-
bon values ( < 25%) indicate everely nu tritionall y 
stressed larvae. since in other fish species values of 
~35% carbon content are typical for larvae deprived o~ 
food (May 197 1; Ehrlich 1974a. b; Harris et al. 1986). 
The higher incidence of anomalously low carbon values 
observed in the present study fo r the smaller sizes of 
larvae ( < 10 mm in length) agrees with a general 
expectation that smaller larva l sizes are more susceptible 
to starvation (see Ferron and Leggett 1994). 
Various other condition analyses were carried out on 
larvae sampled on the same set of 1992 cruises, including 
histological. enzyme and R A:D A methods (Lopez-
Jamar et al. 1995: McFadzen et al. 1997; Chicharo et al. 
1998). A comparison of the carbon analysis with the 
results from these other techniques (summarised in 
L6pez-Jamar et al. 1995) showed some agreement in that 
the carbon, histological and enzyme assessments all 
identified larvae from the May 1992 cruise as being in 
the poorest condition; otherwise. there was little clear 
correspondence between the different condition indices. 
Such overall inconsistency may be attributable to the 
different biochemical physiological proces es addressed 
by each analytical method and the particular response 
(e.g. latency) to feeding conditions (Ferron and Leggett 
1994). This problem is exemplified by the histological 
results (McFadzen et al. 1997), whereby different 
assessments of relative mon thly condition were obtained 
depending on which indicators (short-term. long-term or 
irreversible tissue-damage) were used . Similarly. the 
poor correspondence between the results of the different 
condition assessments may be because food was gener-
ally not limiting and hence there was little significant 
response. This explanation is supported by the results of 
Chicharo et al. ( 1998) who. o f 474 larvae examined. 
found only four with a DNA:R A ratio indicating 
starvation: and by the findings of McFadzen et a l. 
( 1977). who reported larvae to be in good long-te rm 
hi stological condition in all months examined. Further-
more. Conway et al. ( 1994) concluded from an analysis 
of the gut contents of sardine larvae and comparison 
with available food in the plankton. that feeding con-
ditions were generally adequate. 
The rationale for carrying out nutritional assess-
ments was to use them as indicators of intra-seasonal 
larval survival and to compare these survival indices 
with the birth-date distribution of the surviving juve-
niles. i.e. following the SARP philosophy (International 
Oceanographic Commission 1989). In terms of carbon 
content. the May larvae were in poorer condition than 
tho e taken in the other months of 1992. However. the 
subsequent juvenile surveys showed that there was 
negligible survi val of la rvae spawned in any of the 
months from March to June 1992 (lopez-Jamar et al. 
1995: Alvarez and Alemany llJ97). Thus. despite being 
in potentially better condition. the larval populations 
sampled during the larch, March April and May June 
1992 cruises ultunately fared no better than the May 
1992 larvae. This may be auributable to other sources of 
mortality. such as predation. at any time prior to sam-
pling the juveniles, and be unconnected with their 
feeding conditions as larvae. One possibility. suggested 
by Lopez-Jamar et al. ( 1995). is that offshore transport 
associated with upwelli ng in the Finisterre to Cape 
Ortegal region (and indicated by the offshore directed 
tail of the larval distribution) resulted in loss of the 
larvae to deep water and away from their habitual 
nursery grounds. Thus, in 1992. the ultimate survival of 
larvae through to the juvenile stage may be ascribable to 
the overrid ing influence of advective loss rather than to 
intra-seasonal variations in food availability (Lopez-
Jamar et al. 1995). 
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